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o 

p.  32  in  composition  of  pure  butter  fat  read,  and  palmitin,  after,  stearin. 

p.  34  Foot  note,  read,  Ann.  d.  Chim  et  d.  Phys.  (Series  V,  Vol.  12,  p.  469.) 

p.  39  read  Sendtner  and  Hilger  instead  of  Ijcudtner  and  Hiloer. 

p.  55  8th  line  from  bottom  read  2.5  instead  of  25  grams. 

p.  58  9th  line  from  bottom  read  25cc  instead  of  22-cc 

]).  59  8th  line  from  to^)  read  20  instead  of  17. 

p.  60  11th  line  from  bottom  read  93  to  95}  instead  of  95} 

p.  63  Second  foot  note,  read  vohime  253. 

p.  70  Second  half  of  2nd  equation  read  C-;  H:..  -|-  3C„  H^.,,  LK 

1).  77  Foot  note,  read,  appeared,  instead  of  proved. 

AS 

p.  81  read  for  divisor  in  formula,  V ,  instead  of  V  -  S' 

{A  equals  grams  fat  in  100  < /rams  milk.) 
p.  100  In  formula  (1)  read  -|-  after  /  and  read  2.665  instead  of  2,665 

In  formula  (2)  read  t  after  0.833. 

N.  B.  Please  insert  above  corrections  in  ink  in  tlie  text. 
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LETTER  OF  SUBMITTAL 


Sir  :  1  have  the  bonor  to  submit  lierewitU  for  your  inspection  and  ap- 
proval Ijiilletiii  1^0.  13,  devoted  cliiefly  to  a  discussion  of  tliebest  metli- 
ods  of  detecting  tlie  adulteration  of  foods. 

The  first  part,  wbicli  is  now  placed  in  your  hands,  treats  of  dairy 
products.  Much  interest  has  lately  been  manifested  among  those  en- 
gage.! in  agriculture  in  respect  of  the  adulteration  of  butter,  and  this 
part  of  the  subject;  has  been  treated  with  greater  detail  than  any  other. 

It  has  been  my  object  in  this  work  to  determine  the  best  methods  of 
analysis  of  the  various  products  in  question,  and  all  the  recent  improve- 
ments in  anal^^tical  methods  have  been  thoroughly'  tried,  and  those 
which  have  given  good  results  have  been  adopted  in  the  analytical 
work  which  has  been  done. 

Within  the  last  year  my  division  has  been  supplied  with  apparatus 
for  i^hoto-micrography,  and  the  illustrations  in  the  following  pages  are 
entirely  the  work  of  the  division  unless  otherwise  stated. 

Great  benefit  has  been  derived  from  this  method  of  fixing  photo- 
graphic appearances,  as  the  illustration  of  the  crystalline  characters  of 
butters  and  butter  substitutes  sufliciently  show.  The  examination  of 
condiments,  &c.,  the  report  of  which  will  soon  follow,  was  made  al- 
most entirely  with  the  microscope,  and  the  illustrations  will  show  how 
satisfactory  this  kind  of  work  i>roves  to  be.  In  the  matter  of  photo- 
graphic illustration  no  attempt  has  been  made  to  confine  the  exhibition 
to  phenomenally  fine  specimens,  but  the  ordinary  appearance  of  the 
lield  of  vision  has  been  reproduced.  This,  I  think,  is  of  greater  advan- 
tage to  the  general  investigation  than  would  be  the  publication  only  of 
the  strikingly  good  negatives.  It  is  believed  that  by  following  the 
methods  of  analysis  recommended  in  the  report  it  will  be  possible  to 
detect  without  fail  any  adulteration  of  butter  that  could  possibly  prove 
a  commercial  success.  All  other  forms  of  ad  ulteratiou  will  be  sup- 
pressed b}'  the  laws  of  trade.  In  addition  to  the  report  herewith  sub- 
mitted the  following  i)arts  of  the  bulletin  are  almost  ready  for  the  press, 
viz,  condiments,  sugar,  sirup  and  honey,  drinks  and  canned  goods? 
tiour  and  meal,  tea  and  coffee,  and  baking  powders.  Other  i:)arts  will 
follow  as  soon  as  time  is  afforded  to  submit  all  the  process  involved  to 
a  thorough  examination  in  the  laboratory. 
Eespectfully, 

H.  W.  WILEY, 

Chemist, 

Hon.   N0R3IAN   J.    COLMAN, 

Commissioner  of  Agricidture.  3 
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BUTTER  AND  ITS  ADULTERATIONS. 


The  adulteration  of  butter  with  other  fats  has  of  late  years  attracted 
the  attention  not  only  of  the  analyst  but  also  of  the  political  economist 
and  health  officer. 

This  matter  has  been  deemed  of  sufficient  importance  to  demand  reg- 
ulation "by  law  of  Congress.  This  law  provides  for  the  inspection  and 
analysis  of  commercial  butters  and  their  substitutes. 

Followiug  is  the  text  of  the  act : 

A.X  Act  (leflning  butter,  also  imposing  a  tax  upon  and  regulating  the  rnanufacture,  sale,  importation, 
and  exportation  of  oleomargarine. 

Be  it  enacted  hy  the  Senate  and  House  of  Beprcsentatives  of  the  United  States  of  America 
in  Congress  assembled,  That  for  tlio  purposes  of  this  act  the  word  "butter"  shall  be 
understood  to  mean  the  food  product  usually  known  as  butter,  and  which  is  made 
exclusively  from  milk  or  cream,  or  both,  with  or  without  common  salt,  and  with  or 
without  additional  coloring  matter. 

Sec.  2.  That  for  the  purposes  of  this  act  certain  manufactured  substances,  certain 
extracts,  and  certain  mixtures  and  compounds,  including  such  mixtures  and  com- 
pounds with  butter,  shall  be  known  and  designated  as  ^'oleomargarine,"  namely  :  All 
substances  heretofore  known  as  oleomargarine,  oleo,  oleomargarine-oil,  butterine, 
lardine,  suine,  and  neutral :  all  mixtures  and  compounds  of  oleomargarine,  oleo,  oleo- 
margarine-oil, butterine,  lardine,  suine,  and  neutral ;  all  lard  extracts  and  tallow 
extracts;  and  all  mixtures  and  compounds  of  tallow,  beef- fat,  snet,  lard,  lard-oil, 
vegetable-oil,  annotto,  and  other  coloring  matter,  intestinal  fat,  and  offal  fat  made  in 
imitation  or  semblance  of  butter,  or  when  so  made,  calculated,  or  intended  to  be  sold 
as  butter  or  for  butter. 

Sec.  3.  That  special  taxes  are  imposed  as  follows  : 

Manufacturers  of  oleomargarine  shall  pay  six  hundred  dollars.  Every  person  who 
manufactures  oleomargarine  for  sale  shall  be  deemed  a  manufacturer  of  oleomarga- 
rine. 

Wholesale  dealers  in  oleomargarine  shall  pay  four  hundred  and  eighty  dollars. 
Every  person  who  sells  or  offers  for  sale  oleomargarine  in  the  original  manufacturer's 
packages  shall  be  deemed  a  wholesale  dealer  in  oleomargarine.  But  any  manufacturer 
of  oleomargarine  who  has  given  the  required  bond  and  paid  the  required  special  tax, 
and  who  sells  only  oleomargarine  of  his  own  production,  at  the  place  of  manufacture, 
in  the  original  packages  to  which  the  tax-paid  stamps  are  affixed,  shall  not  be  required 
to  pay  the  special  tax  of  a  wholesale  dealer  in  oleomargarine  on  account  of  such  sales. 

Retail  dealers  in  oleomargarine  shall  pay  forty-eight  dollars.  Every  person  who 
sells  oleomargarine  in  less  quantities  than  ten  pounds  at  one  time  shall  be  regarded 
as  a  retail  dealer  in  oleomargarine  ;  and  sections  thirty-two  hundred  and  thirty-two, 
thirty-two  hundred  and  thirty-three,  thirty-two  hundred  and  thirty-four,  thirty-two 
hundred  and  thirty-five,  thirty-two  hundred  and  thirty-six,  thirty-two  hundred  and 
thirty-seven,  thirty-two  hundred  and  thirty-eight,  thirty-two  hundred  and  thirty- 
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nine,  tliirty-t\YO  hundred  and  forty,  thirty-two  liuudrod  and  forty-one,  and  thirty -twt) 
hundred  and  forty-three  of  the  Eevised  Statutes  of  the  United  States  are,  so  far  as 
apjDlicahle,  made  to  extend  to  and  include  and  apply  to  the  special  taxes  imposed  by 
this  section,  and  io  the  persons  upon  whom  they  are  imposed  :  Provided,  That  in  case 
any  manufacturer  otf  oleomargarine  commences  business  subsequent  to  the  thirtieth 
day  of  June  in  any  year,  the  special  tax  shall  be  reckoned  from  the  first  day  of  July 
in  that  year,  and  shall  be  five  hundred  dollars. 

Sec.  4.  That  every  person  who  carries  on  the  business  of  a  manufacturer  of  oleo- 
margarine without  having  paid  the  special  tax  therefor,  as  required  by  law,  shall, 
besides  being  liable  to  the  i>ayment  of  the  tax,  be  fined  not  less  than  one  thousand 
and  not  more  than  five  thousand  dollars  ;  and  everj^  person  who  carries  on  the  busi- 
ness of  a  wholesale  dealer  in  oleomargarine  without  haAdng  paid  the  special  tax  there- 
for, as  required  by  law,  shall,  besides  being  liable  to  the  i)ayment  of  the  tax,  be  fined 
not  less  than  five  hundred  nor  more  than  two  thousand  dollars ;  and  every  person  who 
carries  on  the  business  of  a  retail  dealer  in  oleomarg  arine  without  having  x)aid  the 
special  tax  therefor,  as  required  by  law,  shall,  besides  being  liable  to  the  payment  of 
the  tax,  be  fined  not  less  than  fifty  nor  more  than  five  hundred  dollars  for  each  and 
every  ofi:ense. 

Sec.  5.  That  every  manufacturer  of  oleomargarine  shall  file  with  the  collector  of 
internal  revenue  of  the  district  in  which  his  manufactory  is  located  such  notices,  in_ 
ventorios,  and  bonds,  shall  keep  such  books  and  render  such  returns  of  material  and 
products,  shall  put  up  such  signs  and  affix  such  number  to  his  factory,  and  conduct 
his  business  under  such  surveillance  of  officers  and  agents  as  the  Commissioner  of  In- 
ternal Revenue,  with  the  approval  of  the  Secretary  of  the  Treasury,  may,  by  regula- 
tion, require.  But  the  bond  required  of  such  manufacturer  shall  be  with  sureties 
satisfactory  to  the  collector  of  internal  revenue,  and  in  a  penal  sum  of  not  less  than 
live  thousand  dollars ;  and  the  sum  of  said  bond  may  be  increased  from  time  to  time, 
and  additional  sureties  required  at  the  discretion  of  the  collector,  or  under  instruc- 
tions of  the  Commissioner  of  Internal  Eevenue. 

Sec.  C.  That  all -oleomargarine  shall  be  packed  by  the  manufacturer  thereof  in  fir- 
kins, tubs,  or  other  wooden  packages  not  before  used  for  that  pur^Dose,  each  contain- 
ing not  less  than  ten  pounds,  and  marked,  stamped,  and  branded  as  the  Commissioner 
of  Internal  Revenue,  with  the  approval  of  the  Secretary  of  the  Treasury,  shall  pre- 
scribe; and  all  sales  made  by  the  manufacturers  of  oleomargarine,  and  wholesale 
dealers  in  oleomargarine,  shall  be  in  original  stamped  packages.  Retail  dealers  in 
oleomargarine  must  sell  only  from  original  stamped  packages,  in  quantities  not  ex- 
ceeding ten  pounds,  and  shall  pack  the  oleomargarine  sold  by  them  in  suitable  wooden 
or  paper  packages,  which  shall  be  marked  and  branded  as  the  Commissioner  of  In- 
ternal Revenue,  with  the  api^roval  of  the  Secretary  of  the  Treasury,  shall  prescribe. 
Every  person  who  knowingly  sells  or  offers  for  sale,  or  delivers  or  offers  to  deliver, 
any  oleomargarine  in  any  other  form  than  in  new  wooden  or  paper  packages  as  above 
described,  or  who  packs  in  any  xiackage  any  oleomargarine  in  any  manner  contrary 
to  law,  or  who  falsely  brands  any  iiackage  or  affixes  a  stamp  on  any  package  denot- 
ing a  less  amount  of  tax  than  that  required  by  law,  shall  be  fined  for  each  offense  not 
more  than  one  thousand  dollars,  and  be  imx)risoned  not  more  than  two  years. 

Sec.  7.  That  every  manufacturer  of  oleomargarine  shall  securely  affix,  by  r)asting, 
on  each  package  containing  oleomargarine  manufactured  by  him,  a  label  on  which 
shall  be  printed,  besides  the  number  of  the  manufactory  and  the  district  and  State  in 
which  it  is  situated,  these  words:  "Notice — The  manufacturer  of  the  oleomargarine 
herein  contained  has  complied  with  all  the  requirements  of  law.  Every  person  is 
cautioned  not  to  use  either  this  package  or  the  stamp  thereon  again,  nor  to  remove 
the  contents  of  this  package  without  destroying  said  stamj),  under  the  penalty  ]}to- 
vided  by  law  in  such  cases."  Every  manufacturer  of  oleomargarine  who  neglects  to 
affix  such  label  to  any  xiackagc  containing  oleomargarine  made  by  him,  or  sold  or  of- 
fered for  sale  by  or  for  him,  and  every  person  who  removes  any  such  label  so  affixed 
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from  any  suck  package,  skall  be  fined  fifty  dollars  for  oack  package  in  respect  to 
wbick  suck  oftense  is  committed. 

Sec.  8.  Tkat  ui)oii  oleomargarine  wkick  shall  be  manufactured  and  sold,  or  re- 
moved for  consumption  or  use,  tkere  shall  be  assessed  and  collected  a  tax  of  two  cents 
per  pound,  to  be  paid  by  the  manufacturer  tkereof ;  and  any  fractional  part  of  a  pound 
in  a  package  skall  be  taxed  a«  a  pound.  The  tax  levied  by  tkis  section  skall  be  repre- 
sented hy  coupon  stamps  ;  audtke  provisions  of  existing  laws  governing  tke  engrav- 
ing, issue,  sale,  accouutability,  effacemeut,  and  destruction  of  stamps  relating  to  to- 
bacco and  snuff,  as  far  as  aiDplicable,  are  hereby  made  to  apply  to  stamps  x)rovidedfor 
by  tkis  section, 

Sp:c.  9.  Tkat  wkcncver  any  manufacturer  of  oleomargarine  sells,  or  removes  for 
sale  or  consumption,  any  oleomargarine  upon  which  tke  tax  is  required  to  be  paid  b^^ 
stamps,  witkout  the  use  of  tke  proper  stamps,  it  skall  be  tke  duty  of  tke  Commissioner 
of  Internal  Revenue,  witkin  a  period  of  not  more  tlian  two  years  after  suck  sale  or 
removal,  upon  satisfactory  proof,  to  estimate  tke  amount  of  tax  whick  kas  been 
omitted  to  be  paid,  and  to  make  an  assessment  tkerefor  and  certify  tke  same  to  the 
collector.  Tke  tax  so  assessed  skall  be  in  addition  to  tke  penalties  imposed  by  law  for 
suck  sale  or  removal. 

Sec.  10.  That  all  oleomargarine  imported  from  foreign  countries  skall,  in  addition 
to  any  import  duty  imposed  on  tke  same,  pay  an  internal- re  venue  tax  of  fifteen  cents 
per  pound,  suck  tax  to  be  represented  by  coupon  stamps  as  in  tke  case  of  oleomarga- 
rine manufactured  in  tke  United  States.  Tke  stamps  skall  be  affixed  and  canceled  by 
tke  owner  or  importer  of  tke  oleomargarine  wkile  it  is  in  tke  custody  of  tke  proper 
custom-kouse  officers  ;  and  tke  oleomargarine  shall  not  i^ass  out  of  the  custody  of  said 
officers  until  the  stamps  have  been  so  affixed  and  canceled,  but  shall  be  put  up  in 
wooden  packages,  eack  containing  not  less  than  ten  pounds,  as  prescribed  in  this  act 
for  oleomargarine  manufactured  in  the  United  States,  before  the  stamps  are  affixed ; 
and  the  owner  or  importer  of  suck  oleomargarine  skall  be  liable  to  all  tke  jienal 
provisions  of  tkis  act  prescribed  for  manufacturers  of  oleomargarine  manufactured 
in  tke  United  States.  Wkenever  it  is  necessary  to  take  any  oleomargarine  so  im- 
ported to  any  place  otker  than  tke  public  stores  of  tke  United  States  for  tke  i)urpose 
of  affixing  and  canceling  suck  stamps,  tke  collector  of  customs  of  the  port  where 
suck  oleomargarine  is  entered  skall  designate  a  bonded  warekouse  to  wkick  it  ska.l 
be  taken,  under  tke  control  of  suck  customs  officer  as  sucli  collector  may  direct ;  and 
every  officer  of  customs  wko  permits  any  suck  oleomargarine  to  pass  out  of  kis  cus- 
tody or  control  witkout  compliance  by  tke  owner  or  importer  tkereof  witk  tke  j)rovis- 
ions  of  this  section  relating  thereto,  skall  be  guilty  of  a  misdemeanor,  and  shall  be 
fined  not  less  than  one  thousand  dollars  nor  more  than  five  thousand  dollars,  and  im- 
prisoned not  less  tkan  six  montks  nor  more  tkan  tkree  years.  Every  person  avIio  sells 
or  offers  for  sale  any  imported  oleomargarine,  or  oleomargarine  purporting  or  claimed 
to  kave  been  imported,  not  put  up  in  packages  and  stamped  as  provided  by  this  act, 
skall  be  fined  not  less  tkan  five  kundred  dollars  nor  more  tkan  five  tkousaud  dollars, 
and  be  imj)risoned  not  less  tkan  six  montks  nor  more  tkan  two  years. 

Sec.  11.  Tkat  every  person  wko  knowingly  i)urckases  or  receives  for  sale  any  oleo- 
margarine wkick  kas  not  been  branded  or  stamped  according  to  law  shall  be  liable  to 
a  i)enalty  of  fifty  dollars  for  eack  suck  offense. 

Sec.  12.  That  every  person  who  knowingly  purchases  or  receives  forsale  any  oleo- 
margarine from  any  manufacturer  wko  kas  not  paid  tke  special  tax  shall  be  liable  for 
each  offense  to  a  penalty  of  one  kundred  dollars,  and  to  a  forfeiture  of  all  ai-ticles 
so  purchased  or  received,  or  of  tke  full  value  tkereof. 

Sec.  13.  Tkat  wkenever  any  stamped  package  containing  oleomargarine  is  emptied, 
it  skall  be  tke  duty  of  tke  person  in  wkosc  kands  f  ko  same  is  to  destroy  utterly  the 
stamps  tkereon  ;  and  any  x>erson  wko  willfully  neglects  or  refuses  so  to  do  skall  for  eack 
suck  oftense  be  fined  not  exceeding  fifty  dollars,  and  imprisoned  not  less  tkan  ten  days 
nor  more  tkan  six  mouths.     And  an3'  person  who  fraudulently  gives  away  or  accepts 
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from  another,  or  who  sells,  buys,  or  uses  for  packing  oleomargarine,  any  such  stamped 
package,  shall  for  each  such  offense  be  fined  not  exceeding  one  hundred  dollars,  and 
be  imprisoned  not  more  than  one  year.  Any  revenue  officer  may  destroy  any  emT)tied 
oleomargarine  package  upon  which  the  tax-paid  stamp  is  found. 

Sec.  14.  That  there  shall  be  in  the  office  of  the  -Commissioner  of  Internal  Revenue 
an  analytical  chemist  and  a  microscopist,  who  shall  each  be  appointed  by  the  Secretary 
of  the  Treasury,  and  shall  each  receive  a  salary  of  two  thousand  five  hundred  dollars 
per  annum;  and  the  Commissioner  of  Internal  Revenue  may,  whenever  in  his  judg- 
ment the  necessities  of  the  service  so  require,  employ  chemists  and  microscopists,  to 
be  paid  such  compensation  as  he  may  deem  proper,  not  exceeding  in  the  aggregate 
any  appropriation  made  for  that  purpose.  And  such  Commissioner  is  authorized  to 
decide  what  substances,  extracts,  mixtures,  or  compounds  which  may  be  submitted 
for  his  inspection  in  contested  cases  are  to  be  taxed  under  this  act;  and  his  decision 
in  matters  of  taxation  under  this  act  shall  be  final.  The  Commissioner  may  also  de- 
cide whether  any  substance  made  in  imitation  or  semblance  of  butter,  and  intended 
for  human  consumption,  contains  ingredients  deleterious  to  the  ])ublic  health  ;  but  in 
case  of  doubt  or  contest  his  decisions  in  this  class  of  cases  may  be  appealed  from  to  a 
board  hereby  constituted  for  the  purpose,  and  composed  of  the  Surgeon-General  of 
the  Army,  the  Surgeon-General  of  the  Navy,  and  the  Commissioner  of  Agriculture . 
and  the  decisions  of  this  board  shall  be  final  in  the  premises. 

Sec.  15.  That  all  packages  of  oleomargarine  subject  to  tax  under  this  act  that  shal^ 
be  found  without  stamps  or  marks  as  herein  provided,  and  all  oleomargarine  intended 
for  human  consumption  which  contains  ingredients  adjudged,  as  hereinbefore  provided, 
to  be  deleterious  to  the  public  health,  shall  be  forfeited  to  the  United  States.  Any 
person  who  shall  willfully  remove  or  deface  the  stamps,  marks,  or  brands  on  package 
containing  oleomargarine  taxed  as  provided  herein  shall  be  guilty  of  a  misdemeanor, 
and  shall  be  punished  by  a  fine  of  not  less  than  one  hundred  dollars  nor  more  than 
two  thousand  dollars,  and  by  imprisonment  for  not  less  than  thirty  days  nor  more 
than  six  months. 

Sec.  1().  That  oleomargarine  may  be  removed  from  the  place  of  manufacture  for 
export  to  a  foreign  country  without  payment  of  tax  or  affixing  stamps  thereto,  under 
such  regulations  and  the  filing  of  such  bonds  and  other  security  as  the  Commissioner 
of  Internal  Revenue,  with  the  approval  of  the  Secretary  of  the  Treasury,  may  prescribe. 
Every  person  who  shall  export  oleomargarine  shall  brand  u^jon  every  tub,  firkin,  or 
other  package  containing  such  article  the  word  "oleomargarine,''  in  plain  Roman 
letters  not  less  than  one  half  inch  square. 

Sec.  17.  That  whenever  any  person  engaged  in  carrying  on  the  business  of  manu- 
facturing oleomargarine  defrauds,  or  attempts  to  defraud,  the  United  States  of  the 
tax  on  the  oleomargarine  produced  by  him,  or  any  part  thereof,  he  shall  forfeit  the 
factory  and  manufacturing  apparatus  used  by  him,  and  all  oleomargarine  and  all  raw 
material  for  the  production  of  oleomargarine  found  in  the  factory  and  on  the  factory 
liremises,  and  shall  be  fined  not  less  than  five  hundred  dollars  nor  more  than  five 
thousand  dollars,  and  be  imprisoned  not  less  than  six  months  nor  more  than  three 
years. 

Sec.  18.  That  if  any  manufacturer  of  oleomargarine,  any  dealer  therein  or  any  im- 
porter or  exporter  thereof  shall  knowingly  or  willfully  omit,  neglect,  or  refuse  to  do, 
or  cause  to  be  done,  any  of  the  things  required  bylaw  in  the  carrying  on  or  conduct- 
ing of  his  business,  or  shall  do  anything  by  this  act  prohibited,  if  there  be  no  specific 
penalty  or  punishment  imposed  by  any  other  section  of  this  act  for  the  neglect- 
ing, omitting,  or  refusing  to  do,  or  for  the  doing  or  causing  to  be  done,  the  thing  re- 
quired or  i)rohibited,  he  shall  pay  a  penalty  of  one  thousand  dollars ;  and  if  the 
person  so  offending  be  the  manufacturer  of  or  a  wholesale  dealer  in  oleomargarine,  all 
the  oleomargarine  owned  by  him,  or  in  which  he  has  any  interest  as  owner,  shall  be 
forfeited  to  the  United  States. 

Sec.  19.  That  all  fines,  penalties,  and  forfeitures  imposed  by  this  act  may  be  re- 
covered in  any  court  of  competent  jurivsdiction. 
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Sec.  20.  That  the  Commissioner  of  Internal  Revenue,  with  the  approval  of  the  Sec- 
retary of  the  Treasury,  may  make  all  needful  regulations  for  the  carrying  into  effect 
of  this  act. 

Sec.  21.  That  this  act  shall  go  into  effect  on  the  ninetieth  day  after  its  passage; 
and  all  wooden  packages  containing  ten  or  more  pounds  of  oleomargarine  found  on 
the  premises  of  any  dealer  on  or  atter  the  ninetieth  day  succeeding  the  date  of  the 
passage  of  this  act  shall  be  deemed  to  be  taxable  under  section  eight  of  this  act,  and 
shall  be  taxed,  and  shall  have  affixed  thereto  the  stamps,  marks,  and  brands  required 
by  this  act  or  by  regulations  made  pursuant  to  this  act ;  and  for  the  purposes  of  secur- 
ing the  affixing  of  the  stamps,  marks,  and  brands  required  by  this  act,  the  oleomar- 
garine shall  be  regarded  as  having  been  manufactured  and  sold,  or  removed  from 
the  manufactory  for  consumption  or  use,  on  or  after  the  day  this  act  takes  effect ; 
and  such,  stock  on  hand  at  the  time  of  the  taking  effect  of  this  act  may  be  stamped, 
marked,  and  branded  under  special  regulations  of  the  Commissioner  of  Internal  Rev- 
enue, approved  by  the  Secretary  of  the  Treasury  ;  and  the  Commissioner  of  Internal 
Revenue  may  authorize  the  holder  of  such  packages  to  mark  and  brand  the  same 
and  to  affix  thereto  the  j)roper  tax-paid  stamps. 

Approved,  August  2,  1886. 

ARTIFICIAL  BUTTER. 

The  French  chemist,  Mege-Monries,  in  1870  first  described  a  method 
of  making  artificial  butter  on  a  large  scale. 

Mege,  who  was  employed  on  the  Imperial  farm  at  Vincennes,  was  led 
to  undertake  this  study  through  a  desire  to  furnish  to  the  poorer  classes 
and  to  sailors  an  article  which  should  bo  cheaper  and  more  stable  in 
its  comi)osition  than  ordinary  butter. 

He  endeavored  to  imitate  the  pliysiological  process  which  he  sup- 
posed took  place  when  cows  were  insufficiently  fed,  and  when,  there- 
fore, the  butter  which  they  furnished  was  derived  from  their  own  fat. 
From  beef  he  obtained  a  fat  '^  which  melted  at  almost  the  exact  temper- 
ature of  butter,  possessed  a  sweet  and  agreeable  taste,  and  which  for 
most  purposes  could  replace  ordinary  butter,  not,  of  course,  the  finest 
kinds,  but  which  was  superior  to  it  in  possessing  the  advantageous  pe- 
culiarity of  keeping  for  a  long  time  without  becoming  rancid." 

Before  the  breaking  out  of  the  Franco-Prussian  war  Mege  had  estab- 
lished a  factory  at  Poissy.  The  war  suspended  the  operations  of  this 
factory,  but  at  the  cessation  of  hostilities  they  were  again  commenced. 

Following  is  the  method  emi)loyed  in  the  year  1873,  in  the  manufact- 
ure of  artificial  butters : 

The  fat  of  best  quality  from  recently  killed  bullocks  is  finely  cut  in  a 
kind  of  sausage  grinder  in  order  to  break  up  the  membranes.  The  frag- 
ments fall  into  a  tank  heated  with  steam,  which  for  every  1,000  parts 
of  fat  contains  300  parts  of  water  and  1  part  of  carbonate  of  potash  and 
2  stomachs  of  sheep  or  pigs. 

.  The  temperature  of  the  mixture  is  raised  to  45°  0.  After  two  hours, 
under  the  infiuence  of  the  pepsin  in  the  stomachs,  the  membranes  are 
dissolved  and  the  fat  melted  and  risen  to  the  top  of  the  mixture. 

The  fat  is  next  drawn  off  into  a  second  tank,  kept  at  a  somewhat 
higher  temperature,  and  2  \)er  cent,  of  common  salt  added.     After  two 
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hours  more  the  fat  becomes  clear  and  takes  on  a  yellow  color  and  ac- 
quires somewhat  the  taste  and  odor  of  fresh  butter.  The  fat  is  now  drawn 
off  into  vessels  and  allowed  to  cool.  It  is  then  cut  into  pieces,  wrapped 
in  linen,  and  i)ut  in  a  hydraulic  press  and  kept  at  a  temperature  of  about 
230  C.  By  i^ressure  the  fat  is  separated  into  two  portions,  viz  :  stearine 
40  to  50  j)er  cent.,  and  fluid  oleo  50  to  GO  per  cent.  The  stearine  remain- 
ing- in  the  presses  is  used  in  candle-making.  Mege's  patent,  possessing 
as  it  does  historical  interest,  is  given  in  full. 

A  full  citation  of  the  various  patents  taken  out  in  foreign  countries 
k  found  in  •'  Sell's  Kunstbutter."  ^ 

The  patents  taken  out  in  tliis  country  for  the  manufacture  of  artificial 
butter  are  given  below  : 

LIST     OF     TATEXTS     GRAXTED    IX   THE    UNITED     STATES     FOR     THE     MAXUFACTURE    OF 

BUTTER   SUBSTITUTES. 

mppolijic  Mcgc,  Xo.  MG012,  dated  Dcccmher  30,  1873. 
To  all  whom  it  luny  concern  :  -  __ 


Bii  it  known  that  I,  HippolytoMcoe,  of  Paris,  France,  have  disco v^ed  a  new  and 
improved  process  of  transforming  animal  fats  into  bntter,  of  which  the  fol- 
lowing is  a  full,  clear,  and  exact  description: 

The  butter  which  is  obtained  from  milk  is  produced  by  the  cow  elaborating  her 
own  fat  through  her  cellular  mammary  tissues  at  the  low  rate  of  tempera- 
ture of  the  body. 

The  animal  fat  from  which  the  butter-cells  in  milk  are  produced  is  composed 
chietly  of  oleine,  margarine,  and  stearine,  and  small  quantities  of  other  sub- 
stances. 

The  natural  process  xierformed  by  the  cow  consists,  mainly,  first,  in  separating 
the  oleomargarine  from  the  stearine  without  developing  disagreeable  odors 
or  fla^'"ors  in  the  oleomargarine  ;  and,  secondly,  in  producing  a  slight  change 
in  the  oleomargarine,  by  which  it  assumes  the  character  of  butter. 

My  invention,  hereinafter  described,  is  based  upon  a  discovery  made  by  me,  that 
when  the  fat  is  rendered  at  alow  temperature,  considerably  below  that  here- 
tofore en^ployed  in  the  ordinary  rendering  of  fat,  it  has  the  taste  of  molten 
butter,  and  does  not  acquire  that  i:)eculiarly  disagreeable  flcivor  heretofore 
supposed  to  be  necessarily  attached  to  melted  fat  or  tallow,  and  which  is  desig- 
nated as  "  tallowy  flavor.'' 

I  have  succeeded  in  obtaining  excellent  results  by  rendering  the  crude  fat  at  a 
temperature  of  103^^  Fahrenheit,  which  is  below  the  temperature  at  which  the 
tallowy  flavor  is  created.  The  temperature  may  be  raised  above  this  point 
in  order  to  facilitate  the  operation,  provided  care  be  taken  to  avoid  attaining 
the  temperature  at  which  the  tallowy  flavor  is  created. 

The  precise  limit  to  which  it  is  safe  to  increase  the  rendering-temperature  can  be 
ascertained  by  trial  under  various  circumstances  with  the  different  kinds  of 
fat.  The  temperature  must,  however,  be  far  below  that  heretofore  ordinarily 
used  in  rendering  fats  when  no  such  object  as  I  propose— to  wit,  the  making 
of  a  butter-like  product — was  had  in  view.  I  do  not  think  it  would  be  safe 
to  vary  many  degrees  above  that  specifically  indicated. 

I  have  also  discovered  that,  in  order  to  neutralize  any  fermentation  of  the  fat  be- 
fore or  during  its  treatment,  the  raw  fat  should,  as  soon  as  possible  after  the 
death  of  the  animal,  be  plunged  in  a  solution  of  fifteen  (15)  per  cent,  of  com- 
mon salt  and  one  per  cent,  of  sulphate  of  soda,  the  effect  of  which  would  be 
to  prevent  such  fermentation. 

'Arbeiten  a.  d.  Kaiserlichen  Gesundheitsamte,  pp.  481-493. 
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in  carrjdng  out  my  jirocess  I  first  crush,  griucl,  or  disintegrate  tie  fat  by  any 
suitable  macliiuer}",  such  as  rollers  or  millstones,  in  order  to  break  up  the  cel- 
lular tissues  in  ^vhich  the  fat  is  contained  in  the  animal,  and  thus  cause  it  to 
be  more  easily  melted  or  rendered  by  the  application  of  low  temperatures. 
This  fat  thus  disintegrated  is  to  be  slowly  raised  to  a  temperature  of  103° 
Fahrenheit  in  a  vessel  in  which  the  temx^erature  can  be  raised  at  will  until 
the  rendering  shall  be  complete.  The  temperature,  as  before  stated,  must  be 
so  regulated  that  the  rendered  fat  will  have  the  taste  of  molten  butter,  and 
care  should  be  taken  not  to  heat  it  so  as  to  induce  the  change  which  pro- 
duces the  usual  disagreeable  taste  of  molted  fat  or  tallow,  instead  of  the  taste 
of  molten  butter,  which  temperature  is  considerably  below  that  heretofore 
ordinarily  used  in  rendering  fat,  and  will  be  found  to  vary  not  many  degrees 
above  the  point  already  stated. 

I  also  add  to  the  fat  while  being  rendered,  for  the  purpose  of  aiding  in  this  proc- 
ess, two  liters  of  gastric  juice  to  a  hundred  (100)  kilograms  of  fat.  This 
gastric  juice  is  made  by  macerating,  for  three  hours,  half  of  the  stomach  of 
a  pig  or  sheep,  well  washed,  and  three  litres  of  water  containing  thirty  grams 
of  bi-phosphate  of  lime.  After  maceration  this  macerated  substance  is  passed 
through  a  sieve,  and  then  added  to  the  fat  under  treatment  in  the  proportion 
of  two  litres  to  one  hundred  (100)  kilograms. 

The  sejiaration  of  the  organized  tissues  from  the  fat  is  aided  by  the  introduction 
of  salt  during  the  rendering  ;  and  as  soon  as  there  are  no  lumps  of  fat  visible 
in  the  kettle  I  add  about  one  i^er  cent,  of  common  salt.  I  stir  it  for  some 
time.  The  rendered  fat  is  then  allowed  to  stand  until  it  attains  perfect  lim- 
pidity, when  it  can  be  drawn  off.  By  this  means  the  sei^aration  is  well  made, 
and  the  organized  tissues  which  do  deposit  are  not  altered.  I  then  allow  the 
melted  fat  to  stand  in  a  vessel,  maintained  at  a  temperature  of  about  86°  to 
98°,  until  the  stearine  is  crystallized.  The  mixture  of  stearine  and  oleomar- 
garine may  then  be  put  in  a  centrifugal  machine  ;  and  by  the  operation  of 
this  machine  the  oleomargarine  will  pass  through  the  cloth  and  the  stearine 
remain  within  ;  or  the  mixture  may  be  subjected  to  pressure  in  a  press.  The 
effect  produced  in  either  case  is  that  the  oleomargarine  practically  separates 
from  the  stearine  and  flows  out.  The  oleomargarine  thus  separated  from  the 
stearine,  when  cooled,  constitutes  a  fatty  matter  of  very  good  taste,  which 
may  replace  the  butter  used  in  the  kitchen.  If  it  is  desired,  however,  to  trans- 
form it  into  more  perfect  butter,  I  employ  the  following  means :  I  mix  the 
oleomargariue,  as  it  comes  from  tiie  press  or  centrifugal  machine,  with  milk 
and  cream,  efxual  to  ten  per  cent,  of  the  weight  of  the  oleomargariue,  the 
temperature  of  the  milk  and  cream  being  about  seventy-one  (71)  degrees,  and 
thoroughly  agitate  them  together.  I  then  let  th-e  mixture  become  completely 
cold  and  solid,  and  then  cause  it  to  be  worked  between  rollers,  which  give  it 
the  homogeueousness  and  the  consistency  which  are  the  qualities  of  the  nat- 
ural butter. 

The  above  X)roces3  of  agitating  the  oleomargarine  with  milk  is  intended  to  be 
adopted  when  the  butter  is  to  be  immediately  used.  If  the  butter  is  intended 
to  be  i^reserved,  it  will  be  better  to  mix  the  oleomargarine  at  animal  heat 
with  ten  x^er  cent,  of  its  weight  of  water  instead  of  milk  or  cream,  and  then 
agitate  the  two  together,  as  above  described. 

I  have  also  found  it  expedient  to  mix  with  the  cream  or  milk,  in  the  first  case 
above  described,  before  agitating,  or  with  the  water  in  the  other  case  above 
described,  before  agitating,  a  fiftieth  part  of  mammary  tissue,  which  is  the 
udder  of  the  cow,  minced  fine,  a  one-hundredth  x^art  of  bicarbonate  of  sodn, 
and  some  coloring  matter. 

It  may  be  desirable  to  add  ordinary  butter,  and  this  I  do  by  mixing  tlic  oleomar- 
garine and  the  ordinary  butrer  together  at  a  temperature  of  about  70°  F;ihr- 
enheit. 
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What  I  claim  as  my  invention,  and  desire  to  secnre  by  Letters  Patent,  is — 

(1)  Tlie  rendering  of  animal  fat  at  a  low  temperature,  substantially  as  above  set 

forth,  for  the  production  of  a  fatty  matter  devoid  of  disagreeable  taste. 

(2)  As  a  new  product  of  manufacture,  fat  rendered  at  the  low  temperature,  sub- 
stantially as  above  described,  devoid  of  disagreeable  taste. 

(3)  The  combined  process  of  rendering  animal  fat  at  a  low  temperature  and 
then  separating  the  oleomargarine  for  the  purjiose  of  producing  a  material 
adapted  to  be  used  as  ordinary  butter  for  culinary  purposes,  or  to  be  further 
treated  for  making  more  i^erfect  butter,  substantially  as  above  described. 

(4)  As  a  new  product  of  manufacture,  oleomargarine  obtained  from  fat  rendered 
at  a  low  temperature  and  separated  from  the  stearine,  substantially  as  above 
described. 

(5;  The  agitating  of  oleomargarine  with  -water  or  milk  for  the  purpose  of  mak- 
ing a  more  perfect  imitation  of  butter,  substantially  as  above  described. 

(6)  The  butter-like  product  i)roduced  by  the  agitation  of  oleomargarine  with 
water  or  milk,  substantially  as  above  described. 

(7)  The  treatment  with  artificial  gastric  juice  for  facilitating  the  process  of  ren- 
dering the  fat  at  a  low  temperature,  substantially  as  above  described. 

(8)  The  treatment  of  the  oleomargarine  with  the  mammary  tissue  of  the  cow,  or 
mammary  pepsin,  substantially  as  above  described. 

(9)  The  addition  of  ordinary  butter  to  oleomargarine,  substantially  as  above  de- 
scribed. 

H.  M:eGE. 
Witnesses : 

EoBT.  M.  Hooper, 
M.  D.  Deshler. 

William  E.  Andrew,  No,  153,999,  daied  August  11,  1874. 

The  process,  herein  described,  for  rendering  fats,  consisting  in  the  application 
of  dry  heat  or  dry  hot  air  to  liquefy,  and  pressure  to  separate,  the  oily  por- 
tion from  the  membrane,  and  removing  the  liquid  portions  from  contact  with 
the  membranous  portions  as  fast  as  separated. 
JTilliam  E.  Andrew,  No.  166,955,  dated  August  24,  1875. 

Complete  process  of  manufacturing  artificial  butter,  herein  described,  consisting 
first  in  rupturing  and  destroying  the  globular  condition  of  animal  oil  by  agi- 
tation and  then  refrigerating  the  same,  then  combining  the  product  thus 
obtained  with  butter,  cream,  or  milk  and  churning  until  a  thorough  amalga- 
mation takes  x>lace. 
William  E.  Andrew,  No.  172,942,  daied  February  1,  1876. 

The  process  of  clarifying  liquid  tallow  or  oil  by  injecting  into  the  oil,  under  force, 
in  the  form  of  mist  or  fine  spray,  water  prepared  with  chloride  of  sodium  or 
nitrate  of  potash,  and  heated  to  a  higher  degree  of  temperature  than  the  oil. 
Garret  Cosine,  No.  173,591,  dated  February  15,  1876. 

The  process  of  making  artificial  butter  by  mixing  together  oleine  and  margarine 
from  animal  fats,  and  from  fruit  and  vegetable  nuts,  and  lactic  acid  and  lop- 
pered  cream  or  milk. 
Wniiam  E.  Andrew,  No.  179,883,  dated  July  18,  1876. 

(Mechanical.) 
Alfred  Springer,  No.  187,327,  dated  February  13,  1877. 

The  process  of  x)roducing  edible  fat  or  tallow  by  heating  the  crude  fat  at  a  tem- 
perature of  140°  to  145^  Fahrenheit,  in  contact  with  common  salt,  saltpeter, 
borax,  and  boracic  and  salicylic  acids,  withdrawing  the  separated  fat  and 
incorporating  therewith  a  second  and  smaller  charge  of  the  above  chemicals, 
with  the  addition  of  benzoic  acid. 
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Avior  Smith,  No.  188,428,  dated  March  13,  1877. 

Metliod  of  separating  oleomargarine  from  the  fat  of  kinO;  tliat  is  to  say,  by  sepa- 
rating it  directly  from  tlie  stearine  and  membrane  at  a  low  beat,  without 
having  first  beated  the  mass  to  a  higher  point,  for  the  purpose  of  removing 
the  membrane  from  the  stearine  and  oleine. 
Ilojjal  jr.  Barnard,  No.  198,334,  dated  December  18,  1877. 

Method  of  reclaiming  sour  "  tubby,"  or  rancid  butter,  which  consists  in  treating 
the  same  with  a  solution  of  brine  containing  an  alkaline  carbonate  mixed 
with  a  solution  of  tartaric  acid,  or  its  equivalent. 
Thomas  F.  Wilkins,  No.  226,467,  dated  April  13,  1880. 

Butter  containing  metapbosphoric  acid  intimately  incorporated  therewith,  where- 
by the  butter  is  preserved. 
Otto  Eoysen,  No.  236,483,  dated  January  11,  1881. 

Process  of  making  a  substitute  for  butter,  consisting  in  adding  to  oleomargarine 
an  alkaline  solution,  and  agitating  the  mixture  until  partial  saponification 
ensues,  and  then  adding  a  minute  quantity  of  butyric  acid. 
Thomas  F.  Wilkins,  No.  9,892,  reissued,  dated  Octolei'  11,  1881. 

The  method  herein  described  of  preserving  fats  and  other  organic  matter  by 
mechanically  mingling  phosphoric  acid  therewith. 
Samuel  E.  Cocliran,  No.  258,992,  dated  June  6,  1882. 

The  combination  ol  beef-suet  oil,  cotton-seed  oil  and  its  equivalents,  i^urified  and 
flavored  as  described,  witb  beef-stearine  and  slipx)ery-elm  bark. 
Himjohjte  Mege,  No.  10,137,  reissued,  dated  June  13,  1882. 

Treating  animal  fats  so  as  to  remove  the  tissues  and  other  portions  named,  with 
or  without  the  addition  of  substances  to  change  the  flavor. 
Samuel  H.  Cochran,  No.  10,171,  reissued,  dated  August  1,  1882. 

A  combination  of  beef-suet  oil,  cotton-seed  oil  and  its  equivalents,  with  beef- 
stearine. 
Samuel  R.  Cochran,  No.  262,207,  dated  August  S,  1882. 

Compound  composed  of  the  oil  obtained  from  swine  fat,  cotton-seed  oil  and  its 
equivalents,  deodorized  and  purified  by  slippery-elm  bark  and  beef-stearine. 
John  HoUs,  No.  263,042,  dated  August  22,  1882. 

The  vegetable  stearine  to  be  used  can  be  obtained  from  any  pure  vegetable,  seed, 
or  nut  oils  by  pressing  them  at  a  temperature  as  above  set  forth,  or  it  may  be 
obtained  in  the  market  at  times  as  vegetable  stearine. 
Mixing  "vegetable  stearine"  or  "margarine"  obtained  substantially  as  described, 
with  what  is  called  "animal  oleomargarine"  and  emulsionizing  the  said  mixt- 
ure with  milk,  cream  or  other  watery  fluid. 
Nathan  I.  Nathan,  No.  263,199,  dated  August  22,  1882. 

Process  of  manufacturing  artificial  butter  by  uniting  oleomargarine  with  leaf 
lard,  the  latter  having  been  previously  cleaned,  fused,  strained,  and  sub- 
jected to  a  washing  action  in  a  solution  of  water,  borax,  and  nitric  acid,  then 
rewashed  and  the  united  mass  heated  and  subjected  to  the  ordinary  churning 
operation. 
George  S.  Marshall,  No.  264,545,  dated  September  19,  1G82. 

Process  of  deodorizing,  i)^^i'ifying  and  flavoring  stearine  obtained  from  animal 
fats,  or  vegetable  oils,  by  boiling  the  same  with  water  and  mixing  therewith 
powdered  orris-root. 
William  Cooleij,  No.  264,  516,  dated  Septcmlcr  19,  1882. 

An  artificial  cream  composed  of  an  oleaginous  substance  mechanically  blended, 
or  otherwise  incorporated  with  milk,  buttermilk,  or  cream,  the  oleaginous 
material  being  in  a  state  of  minute  and  even  division,  and  each  particle  en- 
cased in  a  coating  of  caseine. 
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Henru  Lauftriij,  No.  265^833,  daied  Octoher  10,  1882. 

Imiirovement  in  the  manufacture  of  artificial  butter,  or  oleomargarine,  wliich 
consists  in  treating  iu  the  manner  described  both  the  milk  and  the  oleomar- 
garine oil  separately  with  sal-soda,  prepared  and  taken  in  the  proportions  as 
specified,  then  mixing  or  churning  the  creamy  substance  produced  from  the 
.  treated  milk  with  the  prex)ared  oleomargarine  oil,  and  coloring,  salting,  and 
AYorkiug  the  mistnre. 
Hugo  Bcrihold,  Xo.  266,417,  dated  Ocioler  24,  1882. 

A  coloring  compound  for  admixture  with  oleomargarine  oil  after  the  usual  churn- 
ing operation,  consisting  of  saccharine  matter,  glycerine,  annotto,  and  oil  ot 
T)en,  mixed  togther. 
George  II.  JVehster,  Xo.  266,568,  daied  Ocioher  24,  1882. 

Process  of  making  artificial  butter,  which  consists  in  minutely  dividing  leaf-lard, 
rendering  and  straining  it,  mixing  a  butter-coloring  matter  with  it,  immers- 
ing it  for  thirty-six  hours  in  cold  brine,  transferring  it  from  the  brine  to  dry 
tables  or  shelves  and  keeping  it  there  covered  with  salt  for  thirty-six  houis  ; 
then  heatiug  it  to  about  130*^  Fahrenheit  and  mixing  it  Avith  lukewarm  but- 
termilk, a  small  quantity  of  clarified  tallow,  and  a  minute  quantity  of  pep- 
sin, and  allowing  the  mixture  to  settle ;  then  transferring  the  liquid  lard 
and  tallow  to  a  vesselcontainingcomminutcdbutter  of  about  half  the  weight 
of  the  lard,  thoroughly  mixing  the  contents  of  the  vessel  by  stirring,  pour- 
ing the  mixture  into  cold  water,  and  thoroughly  working  it  iu  the  usual 
manner. 
inUiani  H.  Burncit,  Xo.  266,580,  dated  Ocioher  24,  1882. 

The  butter-like  product  described,  consisting  of  the  iugredients  specified,  to  wit, 
lard,  beef-suet,  butter,  glycerine,  salt  water,  and  coloring  material.   • 
Oscar  H.  Coumle,  Xo.  266,778,  daied  Octoher  31,  1882. 

A  new  article  of  manufacture,  oleard,  consisting  of  vegetable  oil,  iu  combination 
with  cooked  farinaceous  flour. 
Oaear  H.  CoiimVe,  Xo.  266,777,  dated  Octoher  31,  1882. 

An  improved  article  of  commerce  known  as  butteroid,  and  consisting  of  cotton- 
seed or  other  vegetable  oil  treated  with  a  solution  of  caustic  soda,  in  combi- 
nation with  farinaceous  Hour  first  thoroughly  cooked  iu  salt  water. 
Henrg  E.  Wright,  Xo.  267,637,  dated  Xovemher  14,  1882. 

Process  of  making  artificial  butter  or  creamine,  which  consists  in  mixing  together 
the  oils  derived  from  animal  fat  at  low  temperatures  with  sweet  cream,  the 
oilof  butter,  vegetable  oil,  and  coloring  matter;  then  allowing  these  ingre- 
dients to  become  sour  while  together;  then  removing  the  whey,  and  finally 
churning  the  mass. 
Joseph  H.  McDonald,  Als,  270,454,  daied  Januarij  9,  1883. 

(Mechanical.) 
John  HohhSjXo.  271,239,  daied  Januarij  30,  1883. 

(Mechanical.) 
John  Hohhs,  Xo.  271,240,  dated  January  30,  1883. 

(MechanicaL) 
John  ffohhs,  Xo.  271,244,  daied  January  30,  1883. 

(Mechanical.) 
John  Hohhs,  Xo.  271,241,  daied  January  30,  1883. 

(Mechanical.) 
.John  Hohhs,  Xo.  271,243,  dated  January  30,  1883. 

(Mechanical.) 
John  Hohhs,  Xo.  271,242,  dated  January  20,  1883. 
(Mechanical.) 
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John  Bohhs,  No.  280,822,  dated  July  10,  1883. 

Process  of  refiniug  fats,  wliicU  consists  iu  first  liuely  griuding  the  fat  of  the  leaf 
of  the  Log,  mixing  it  thoroughly  with  salt,  i)laciug  it  in  tanks  of  cold  water 
for  two  or  three  days,  when  it  is  worked  over,  as  described,  then  rendering- 
it  at  a  low  temi)crature,  and  as  (|uickly  as  possible,  with  or  without  adding 
the  solution  mentioned,  then  drawing  it  off  from  the  tissue,  clarifying  it  and 
again  drawing  it  off  and  cooling  it. 
Samuel  H.  Cochran,  Xo.  285,878,  dated  Oetolcr  2,  1883. 

The  mode  above  described  of  giving  a  butter-llavor  to  animal  fats  or  oils,  which 
consists  in  mixing  therewith  in  the  manner   above  described  a  quantity  of 
dairy  or  creamery  butter  in  its  normal  or  hard  condition. 
Samud  11.  Cochran,  No.  285,973,  dated  Octohcr  2,  1883. 

(Mechanical. ; 
Samuel  H.  Cochran,  No.  285,974,  dated  October  2,  1883. 

(Mechanical.) 
Andrew  J.  Chase,  No.  280,778,  dated  October  10,  1883. 

The  method  herein  described  of  manufacturing  butter  from  aniunil  oils,  said 
method  consisting  in  subjecting  the  oils  to  a  low  temperature,  and  at  the 
same  time  agitating  them,  both  daring  the  process  of  solidifying  and  after- 
wards. 
John  Hobbs,  No.  289,100,  dated  November  27,  1883. 

The  manufacture  of  deodorized  fats  or  oxyliue,  the  use  or  emi^loyment  of  the 
substance  herein  mentioned — vegetable  stearine — in  combination  w4th  the 
other  ingredients  named --oleomargarine-stearine  and  oleomargarine-stock. 
Georyc  Lawrence,  No.  295,180,  dated  March  18,  1884. 

Process  of  treating  milk  with  fatty  and  other  matters  bypassing  it  and  them, 
mingled  with  gases,  through  one  or  more  steam-ejectors,  for  separating  and 
mixing  the  particles. 
Samuel  Sehwarzsehild,  No.  299,085,  dated  June  3,    1«84. 

(Mechanical.) 
Emma  J.  JToodruff,  No.  327,030,  dated  October  6,  1885. 

Adding  to  the  milk  white-wine  rennet,  sugar,  salt,  bicarbonate  of  soda,  bicar- 
bonate potassium,  alum,  and  butter. 
Lyman  Guinnq),  No.  334,430,  dated  January  19, 1880. 

Consisting  in  mingling  two  bodies  of  cream  of  different  age,  then  churning  the 
same,  then  removing  a  portion  thereof  from  the  churn  and  mingling  with 
the  removed  part  a  quanticy  of  butter,  then  churning  the  residue  until  but- 
ter begins  to  separate,  then  adding  butter  thereto,  as  specified,  and  churning 
the  mixture,  and  finally  adding  thereto  the  jiortiou  first  abstracted,  and 
churning  the  whole  until  tke  butter  is  made. 
William  A.  Murray,  No.  336,08i,  dated  January  26,  1880. 

Mixing  1  gallon  of  sweet  milk  with  1  ounce  of  liquid  rennet,  25  grains  (Troy)  of 
nitrate  of  i)otash,  1  ounce  granulated  sugar,  half-teasi)oonful  of  butter-col- 
oring, and  8  pounds  of  butter,  churned  together  and  worked. 
Carl  August  Johansson,  No.  330,324,  dated  February  10,  1880. 

(Mechanical. ) 
George  Wm.  Sam2Jle,  No.  330,438,  dated  February  10,  1880. 

(Mechanical.) 
Charles  Marchand,  No.  338,§38,  dated  March  23, 1880. 

(Mechanical.) 
Edward  J.  Oatman,  No.  340,002,  dated  July  20..  1880. 

Producing  an  emulsion  from  milk  or  its  derivates  and  a  suitable  oleaginous  ma- 
terial, which  consists  in  thoroughly  dividing  and  commingling  the  ingredi- 
ents by  injecting  a  steam  jet  into  the  mixture. 
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The  common  method  of  manufaclure  employed  in  this  country  is  set 
forth  by  Arm  sby:^ 

Although  numerous  patteuts  have  beeu  taken  out  for  the  uiauufacture  of  imitation 
butter,  and  a  great  variety  of  materials  have  been  named  iu  the  speciiicatioiis,  tho 
process  as  now  conducted  is  comparatively  simple.  The  raw  materials  are  beef- 
tallow,  leaf-lard,  and  the  best  quality  of  butter,  together  with  small  amouuts  of  milk 
or  cream  and  of  butter-color. 

From  the  beef-tallow  is  prepared  tho  oleomargariue  oil  of  M6ge.  Tho  caul  fat  of 
freshly  killed  beeves  is,  after  thorough  washing  first  in  tepid  and  then  in  iced  water, 
allowed  to  stand  in  a  cold  room  until  thoroughly  cold.  It  is  then  rendered  at  a  tem- 
perature between  130°  and  175°  F.  The  resulting  oil  is  allowed  to  cool  slowly  until 
a  considerable  portion  of  the  steariue  aud  palmitin  have  crystallized  out,  and  the 
liasty  mass  is  then  subjected  to  hydraulic  pressure.  The  still  fluid  (about  two-thirds 
of  the  whole)  flows  out  into  a  tank  of  cold  water,  where  it  solidifies  into  a  granular 
mass  which  is  known  in  the  trade  as  "  oleo  "  oil  or  simply  ''  oleo  " .  The  name  ''  oil" 
is  somewhat  misleading,  as  the  product  is  a  granular  solid  of  a  slightly  yellow  color. 
Fresh  leaf-lard  treated  in  substantially  the  same  way  as  the  beef-tallow,  yields  the 
''neutral  lard"  or  ''neutral"  of  the  trade,  also  a  granular  solid  of  a  white  color. 

The  objects  of  this  treatment  are  twofold:  first,  to  produce  fats  as  free  as  possible 
from  taste  or  odor;  second,  to  remove  some  of  the  difficultly  fusible  steariue  and 
l)almitiu,  in  order  that  the  finished  product  may  melt  readily  in  the  mouth. 

Having  thus  secured  the  fats  in  i^roper  condition,  the  manufacturer  proceeds  to  mix 
the  "oleo"  and  "neutral",  the  proportions  varying  according  to  the  destination  of 
product ;  a  warm  climate  calling  for  more  "  oleo,"  a  cold  one  for  more  "neutral,"  aud 
to  flavor  the  mixture  with  butter.  This  flavoriug  is  conducted  in  large,  steam- 
jacketed  vessels  provided  with  revolving  paddles,  by  which  their  contents  can  be 
thoroughly  agitated.  Here  the  "  oleo"  and  "  neutral"  are  melted  aud  thoroughly 
agitated  with  a  certain  proportion  of  milk,  or  sometimes  of  cream,  and  a  jiioper 
amount  of  butter-color.  Forty-eight  gallons  of  milk  per  2.000  pounds  of  product  are 
stated  to  be  a  common  proportion.  After  sufficient  agitation,  the  melted  mass  is  run 
into  cold  water,  and  as  it  cools  is  broken  np  by  x>addles  so  as  to  granulate  the  mass. 
After  thorough  washing,  it  is  salted  and  worked  exactly  like  butter.  The  product 
is  known  as  oleomargarine.  Although  it  contains  hardly  more  than  a  trace  of  butter 
fat,  the  latter  flavors  the  whole  mass  so  strongly  that,  when  well  salted,  as  ic  usually 
is,  it  might  readily  pass  with  an  inexpert  or  careless  consumer  for  a  rather  flavorless 
butter.  Oleomargarine  is  the  cheapest  product  made.  By  adding  to  the  material  in 
the  agitator  or  "churn"  more  or  less  pure  butter,  Avhat  is  known  as  butterine  is  pro- 
duced, two  grades  of  which  are  commonly  sold,  viz,  "  creamery  butterine"  contain- 
ing more,  and  "dairy  butterine"  containing  less  butter. 

The  method  of  manufacture  used  by  the  hrm  of  Armour  &  Co.,  of  Chi^ 
cago,  is  thus  described  by  Mr.  Philip  D.  Armour:^ 

The  fat  is  taken  from  the  cattle  in  the  process  of  slaughtering,  and  after  thorough 
washing  is  placed  in  a  bath  of  clean,  cold  water,  and  surrounded  with  ice,  where  it 
is  allowed  to  remain  until  all  animal  heat  has  been  removed.  It  is  then  cut  into 
small  pieces  by  machinery  and  cooked  at  a  temjDerature  of  about  150°  until  the 
fat,  in  liquid  form,  has  separated  from  the  fibrine  or  tissue,  then  settled  until  it  is 
perfectly  clear.  Then  it  is  drawn  into  graining  vats  and  allowed  to  stand  a  day, 
when  it  is  ready  for  the  presses.  Tho  pressing  extracts  the  steariue,  leaving  the  re- 
maining product,  which  is  commercially  known  as  oleo  oil,  which,  when  churned 
with  cream  or  milk  or  both  aud  with  usually  a  proportion  of  creamery  butter,  the 
whole  being  properly  salted,  gives  the  new  food-product,  oleomargariue. 

1  Science,  vol.  7,  pp.  471-472. 

2  Senate  Mis.  Doc.  No,  131,  Forty-niuth  Congress,  first  session,  p.  224. 
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111  making  butteriuc  we  use  neiitial  lard^  which  is  made  IVoni  selected  leaf  lard  iu  a 
very  simihir  mauner  to  olco  oil,  cxceptiug  that  uo  steariue  is  extracted.  This  uen- 
tral  lard  is  cured  iu  salt  briue  for  forty-eight  to  seveuty  hours  at  au  ice-water  tem- 
perature. It  is  theu  taken,  aud,  with  the  desired  i)roportiou  of  oleo  oil  and  fine  but- 
ter, is  churned  with  cream  aud  milk,  x>roduciug  au  article  which,  w^hen  properly 
salted  aud  packed,  is  ready  for  market. 

In  both  cases  colormg  matter  is  used,  which  is  the  same  as  that  used  by  dairymen 
to  color  their  butter.  At  certain  seasous  of  the  year,  viz,  iu  cold  weather,  a  small 
quantity  of  salad  oil  made  from  cottou  seed  is  used  to  soften  the  texture  of  the  prod- 
uct, but  this  is  uot  generally  used  by  us. 

Gustavus  F.  Swift,  of  the  firm  of  Swift  &  Go.,  of  the  town  of  Lake  (near 
Gliicago),  describes  as  follows  the  met'iod  in  use  iu  the  inauufacture  of 
artificial  butter  by  his  company:^ 

The  fat  is  taken  from  the  cattle  in  the  process  of  slaughtering,  and  after  thorough 
washing  is  placed  iu  a  bath  of  clean,  cold  water  and  surrounded  with  ice,  where  it  is 
allowed  to  remain  until  all  animal  heat  has  been  removed.  It  is  theu  cut  into  small 
pieces  by  machinery  aud  cooked  at  a  temperature  of  about  150°  until  the  fat  iu  liquid 
form  has  separated  from  the  librine  or  tissue;  then  settled  uutil  it  is  perfectly  clear. 
Then  it  is  drawn  into  draining  vats  aud  allowed  to  stand  a  day,  when  it  is  ready  for 
the  presses.  The  pressing  extracts  the  steariue,  leaving  the  remaining  product, 
which  is  commercially  known  as  oleo  oil,  which,  when  churued  with  cream  or  milk, 
or  both,  and  with  usually  a  proportion  of  creamery  butter,  the  whole  being  properly 
salted,  gives  the  new  food  product,  oleomargarine. 

In  making  butteriuc  we  use  neutral  lard,  which  is  made  from  selected  leaf-lard  in 
a  very  similar  manner  to  oleo  oil,  excepting  that  no  steariue  is  extracted.  This  neu- 
tral lard  is  cured  iu  salt  brine  for  forty-eight  to  seventy  hours  at  an  ice-water  tem- 
perature. It  is  then  taken,  and  with  the  desired  proportion  of  oleo  oil  aud  tine  but- 
ter, is  churned  with  cream  aud  milk,  producing  an  article  which,  when  iiroiierly 
salted  and  packed,  is  ready  for  market. 

In  both  cases  coloring  matter  is  used,  which  is  the  same  as  that  used  by  dairymen 
~to  color  their  butter.  At  certain  seasous  of  the  year,  viz,  iu  cold  weather,  a  small 
quantity  of  sesame  oil,  or  salad  oil  made  from  cottou  seed,  is  used  to  soften  the  texture 
of  the  product. 

WHOLESOMENESS  OF  ARTIFICIAL  BUTTER. 

Ou  this  subject  there  is  a  wide  difference  of  opinion.  It  is  undoubt- 
edly true  that  a  great  deal  of  artificial  butter  has  been  thrown  upon  the 
market  that  has  been  carelessly  made,  and  therefore  harmful  to  the 
health.  Gu  the  other  hand  a  butter  substitute,  made  carefully  out  of 
the  fat  of  a  i^erfectly  healthy  bullock  or  swine,  is  not  prejudicial  to 
health. 

Prof.  Henry  Morton,  of  the  Stevens  Institute,  Hoboken,  N.  J.,  made 
the  following  statements  before  the  Senate  Gommittee  ou  Agriculture, 
pending  the  consideration  of  the  "Oleomargarine"  bill:^ 

The  subject  is  one  which  has  been  of  great  interest  to  all  scientific  men  from  the 
time  of  the  original  discovery  by  Mcge,  which  was  made,  as  you  are  aware,  during 
the  siege  of  Paris.  Many  persons  have  been  interested  in  it  aud  have  followed  it  up. 
I  have  been  frequeutly  called  upou  to  examine  processes  aud  superintend  operations 
where  modificatious  in*  the  manufacture  have  been  suggested,  aud  so  on,  aud  siieci- 
meus  have  beeu  brought  to  me  as  a  chemist,  to  examine  from  time  to  time  micrOvScopic- 

1  Oj).  at.,  p.  225.  -^  0/?.  cit.,  p.  47. 
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ally  and  cliemically.  When  the  substance  was  first  inLroduced,  the  question  was 
raised  as  to  whether  it  could  be  distiugaished  from  butter  by  any  test,  and  I  was  led 
in  that  way  to  investigate  the  subject,  and  to  examine  as  to  all  the  properties  which 
it  exhibited,  as  well  as  to  compare  different  samples  of  it,  and  I  have  in  my  experi- 
ments in  this  line  examined  great  numbers  of  spooimsas  of  oleomargarine  i^repared 
as  butter  and  of  oleomargarine  oil  for  the  preparation  of  butter,  fromall  parts  of  the 
country,  and  also  have  visited  Victories  very  frequently  and  spent  long  periods  there. 
I  have  remained  as  long  as  a  weeii  in  one  of  these  factories  continuously — sometimes 
spending  the  night  as  well  as  the  day  there,  in  order  to  watch  the  process  completely 
and  see  the  operation  from  beginning  to  end,  to  see  what  was  put  in  and  what  was 
not,  and  to  observe  what  was  done  and  what  was  not  done. 

In  the  course  of  these  examinations  I  have  reached  the  conclusion,  founded  on  these 
observations,  that  the  material  is  of  necessity,  a  pare  one,  and  cannot  possibly  beun- 
wholesome,  and  is,  in  fact,  iu  that  sense  a  thoroughly  desirable  and  safe  article  of  food. 
I  will  express  as  briclly  as  I  can  my  reasons  for  this  opinion,  and  state  the  facts  on 
which  they  are  founded. 

In  the  first  place  I  have  found,  as  a  matter  of  observation,  that  fat  which  is  to  be 
used  in  the  manufacture  of  oleomargarine,  if  it  is  in  the  slightest  degree  tainted  be- 
fore the  manufacture  begins,  if  it  is  not  strictly  fresh,  if  it  is  not  taken  almost  directly 
from  the  slaughtered  animal,  if  it  is  allowed  to  stand  in  a  barrel  for  a  few  hours  in 
ordinary  weather  or  in  cold  weather,  if  pu'  in  a  barrel  with  any  animal  heat  in  it  for 
a  few  hours,  then  an  incipient  change  begins  which,  in  the  succee  ding  process,  is  ex- 
aggerated so  that  an  utterly  offensive  material  is  produced,  which  could  not  be  used 
for  any  such  purpose. 

Prof.  0.  F.  Chandler  saj^s :  ^ 

In  all  of  these  reports  I  have  taken  the  ground  that  this  is  a  new  process  for  maki  ng 
an  old  article,  and  that  article  is  butter.  This  is  a  now  j)rocess  for  making  butter.  It 
is  made  of  materials  which  are  in  every  respect  wholesome  and  proper  articles  of  food, 
whether  it  be  made  solely  from  the  oleomargarine  extracted  from  beef  fat,  or  w  hether 
it  has  added  to  it  more  or  less  leaf  lard  properly  prepared,  or  more  or  less  sesame  oil 
or  cotton-seed  oil,  and  whether  it  be  or  not  colored  with  annatto  or  the  other  coloring- 
matters  used.  I  take  the  ground  that  there  is  nothing  in  any  one  of  these  materials 
in  any  sense  unwholesome,  and  nothing  in  any  one  of  them  which  makes  it  inferior 
as  an  article  of  food  to  dairy  butter.  I  regard  the  discovery  of  M6ge-Mouries,  of  a 
process  by  which  beef  fat  and  hog  fat  can  be  extracted  from  a  dipose  tissue  and  con- 
verted into  a  wholesome  article  of  food  free  from  any  disagreeable  taste  or  odor,  as 
one  of  the  most  important  discoveries  made  in  this  century,  a  discovery  by  which  it 
is  possible  to  make  a  perfectly  pure  and  satisfactory,  as  well  as  wholesome,  article  of 
food  at  a  reasonable  ]irice.  I  have  visited  various  factories  where  this  article  is  man- 
ufactured, from  the  time  the  industry  began  down  to  date.  I  am  perfectly  familiar 
with  the  materials  employed  and  the  different  processes,  an  d  know  there  is  nothing 
whatever  used  either  in  material  or  process  which  is  unwholesome  or  in  any  way  dele- 
terious to  the  public  health. 

Professor  Chandler  farther  lias  reported  as  follows  to  the  Board  of 

Health  of  Kew  York  City :  ^ 

New  YoPvK,  May  2,  1881. 
To  the  Board  of  Health  of  the  Health  Deimrtment  : 

Having  been  directed  by  this  board  to  investigate  the  subject  of  oleomargarine,  in 
response  to  the  resolutions  of  the  Board  of  Aldermen,  I  would  beg  leave  to  submit  the 
following  report : 

The  resolutions  directing  the  inquiry  are  as  follows : 

Whereas  there  is  existing  at  the  present  time  in  the  minds  of  the  public  great 
alarm  and  distrust  in  relation  to  the  adulteration  of  food  products  ;  and 

1  Op.  cit. ,  p.  67.  2  Op.  cit. ,  p.  70. 
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Whereas  the  couimittee  ou  public  health  of  the  a.sseiiibly  ol'  this  State  has  beeu 
for  some  time  investigating  the  adulteration  of  food  products,  and  especially  oleomar- 
garine; and 

Whereas  this  committee  have  conducted  such  investigation  by  calling  as  witnesses 
principally  dealers  in  butter  and  have  not  examined  as  witnesses  medical  or  chemical 
experts  to  determine  the  value  of  oleomargarine  as  food  ;  therefore 

Ecsolvcd,  That  the  board  of  health  of  this  city  be,  and  they  are  hereby  lequested 
and  directed  to  take  immediate  measures  to  investigate  in  the  most  thorough  manner, 
by  medical  and  chemical  aid,  the  purity,  healthfuluess,  and  value  of  said  product  as 
an  article  of  food,  and  to  report  to  this  body  the  results  of  their  investigation,  with 
such  reconimendatious,  if  any  bo  necessary,  as  may  relate  to  the  manufacture  and  dis- 
tribution of  the  same  as  an  article  of  food. 

This  subject  has  beeu  before  the  board  ou  former  occasions,  and  I  have  little  to  add 
to  what  has  been  previously  stated. 

Oleomargarine,  iuvented  by  the  distinguished  French  chemist,  Mcge-Mouries,  is 
manufactured  in  New  York  City  in  a  few  large  establishments.  The  material  is  fresh 
beef  suet,  brought  directly  from  the  slaughter-houses.  It  is  thoroughly  washed,  ren- 
dered very  carefullj'^,  strained  to  remove  a  portion  of. the  hard  stearine,  and  then 
churned  with  milk  to  convert  it  into  artificial  butter,  which  contains  the  same  con- 
stituents as  dairy  butter.  The  process  is  extremely  ingenious  and  simple  and  exe- 
cuted by  machinery.  Nothing  objectionable  exists  in  the  original  material,  nor  is 
anything  objectionable  added  during  the  process,  and  the  operations  are  conducted 
with  the  utmost  cleanliness.  The  x^i'oduct  is  palatable  and  wholesome,  can  be  made 
of  uniform  quality  the  year  round,  is  in  every  respect  sux)erior  as  an  article  of  food  to 
a  large  proportion  of  dairy  butter  sold  in  this  city,  and  can  be  man  ufactured  at  a  much 
lower  price.  I  regard  it  as  a  most  valuable  article  of  food  and  consider  it  entirely  un- 
exceptional in  every  respect.  In  this  opinion  I  am  supported  by  the  best  scientihc 
authorities  in  the  country.  The  following  distinguished  chemists,  after  carefully  study- 
ing the  manufacture,  have  made  the  most  decided  statements  in  favor  of  this  new 
article  of  food: 

Prof.  George  F.  Barker,  University  of  Pennsylvania. 

Dr.  Henry  A.  Mott,  jr..  New  York. 

Prof.  G.  C.  Caldwell,  Cornell  University,  Ithaca,  N.  Y. 

Prof.  S.  W.  Johnson,  Yale  College,  New  Haven,  Conn. 

Prof.  C.  A.  Goessmanu,  Massachusetts  Agricultural  College,  Amherst,  Mass. 

Prof.  Henry  Morton,  Stevens  Institute,  Hoboken,  N.  J. 

Prof.  Charles  P.  Williams,  Philadelphia,  Pa. 

Prof.  W.  0.  At  water,  Wesleyau  University,  Middletowu,  Conn. 

Prof.  J.  W.  S.  Arnold,  University  of  New  York. 

I  would  further  say  that  this  question  is  one  on  which  there  is  no  difference  of 
opinion  among  scientific  investigators  familiar  with  the  chemistry  of  dairy  products 
and  fats.  I  have  never  seen  a  statement  emanating  from  any  person  having  any 
standing  among  scientific  men  in  which  a  contrary  opinion  is  advanced.  There  has 
recently  beeu  a  very  strong  confirmation  of  my  opinion  published  in  England.  A 
bill  came  before  the  House  of  Commons  in  England,  directed  against  this  kind  of 
butter  from  America,  and,  after  considerable  discussion,  was  defeated  by  a  vote  of 
75  to  59.  In  the  discussion  the  strongest  opponent  to  legislation  against  it  was 
Dr.  Lyon  Playfair,  one  of  the  most  distinguished  chemists  and  sanitary  authori- 
ties in  England.  A  pupil  of  Graham  and  Leibig,  he  has  filled  the  chairs  of  chemistry 
in  the  Royal  Institution  of  Manchester  and  at  the  University  of  Edinburgh,  was  ap- 
pointed chemist  to  the  Museum  of  Practical  Geology  by  Sir  Robert  Peel,  represented 
the  universities  of  Edinburgh  and  Aberdeen  in  Parliament,  was  postmaster-general  in 
the  first  Gladstone  cabinet,  has  been  member  of  several  sanitary'  commissions,  and  is 
now  a  leading  member  of  Parliament.  In  his  remarks  he  stated  that  "  bad  butter  was 
a  fraud  upon  the  j)oor,  and  oleomargarine  would  sooner  or  later  drive  it  out  of  the 
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market;"  lie  "  thought  tliatgood  oleoinargai-iuo  at  oae  sUilliug  a  pound  was  a  great 
deal  better  aud  cheape-r  thati  bad  butter  at  one  shUliug  four  poude  a  pouud,"  and  lie 
said  that  "as  a  general  rule  the  foraier  (oleomargarine)  did  not  become  so  readily 
rancid  as  the  latter  (butter)."' 

I  would  further  state  that,  as  there  is  nothing  unwholesome  in  oleomargarine,  no 
legislation  in  regard  to  this  article  is  necessary  to  protect  the  public  health. 

C.  F.  CHANDLER, 

Frcsideii  I . 

Prof.  G.  F.  Barker  says:^ 

Univeksity  ok  Pennsylvania, 

riiiladclphia,  March  22,  188U. 
2o  the  United  Slates  Da'uij  Compcunj  : 

Gentlemen:  In  reply  to  your  in<j[niry,  1  would  say  that  I  have  been  acquainted  for 
sev^eral  years  ^vith  the  discovery  of  Mege-Mouries  for  producing  butterine  from  oleo- 
margarine fat.  In  theory  the  process  should  yield  a  product  res  -mbling  butter  in  all 
essential  respects,  having  identically  the  same  fatty  coustituents,  The  butterine  pre- 
pared under  the  inventor's  patents  is,  therefore,  in  my  opinion,  quite  as  valuable  a 
nutritive  agent  as  butter  itself.  In  i)ractice  the  x>rocess  of  manufacture,  as  I  have 
witnessed  it,  is  conducted  with  care  and  great  cleanliness.  The  butterine  produced 
is  pure  aud  of  excellent  quality,  is  perfectly  wholesome,  and  is  desirable  as  an  article 
of  food.  I  can  see  uo  reason  why  butterine  should  not  be  an  entirely  satisfactory 
equivalent  for  ordinary  butter,  whether  considered  from  the  physiological  or  com- 
mercial standpoint. 

Prof.  G.  C  Caldwell,  of  Coruell  Uuiver\>sity,  gives  the  following  tes 

timouy  :- 

Chemical  Lahuaiohy,  Cohnell  UxXIVehsity, 

Ithaca,  N.  Y.,  March20,  1880. 

I  have  witnessed,  in  all  its  stages,  the  manufacture  of  "oleomargarine"  aud  of  oleo- 
margarine butter  or  "  butterine." 

The  process  for  oleomargarine,  when  properly  conducted,  as  in  the  works  of  the 
Commercial  Manufacturing  C')mpany,  is  cleanly  thioughout,  and  includes  every 
reasonable  precaution  necessary  to  secure  a  product  entirely  free  from  animal  tissue, 
or  any  other  impurity,  and  which  sliiill  consist  of  pure  fat  made  up  of  the  fats  com- 
monly known  as  oleine  and  margarine.  It  is,  when  thus  prepared,  a  tasteless  aud  in- 
odorous substance,  possessing  no  qualities  whatever  that  can  make  it  in  the  least  degree 
unwholesome  when  used  in  reasonable  (|uantities  as  an  article  of  foxl. 

In  the  mafiufacturo  of  butterine,  since  uothing  but  milk,  auuotto,  and  salt,  together 
with,  Tierhaps,  a  little  water  from  clean  ice,  are  added  to  this  ol  eomargariue,  to  be 
intimately  mixed  with  it  by  churning  aud  other  operations,  I  have  uo  hesitation  in 
affirming  that  this  also,  when  proj)erly  made  according  to  the  Mego  patent,  aud  other 
patents  held  by  the  United  States  Dairy  Company,  aud  when  used  iu  reasonable 
quantities,  is  a  perfectly  wholesome  article  of  food  ;  and  that,  while  not  equal  to  fine 
butter  in  respect  to  flavor,  it  nevertheless  contains  all  the  cssen  tial  ingredients  of 
butter,  aud  since  it  contains  a  smaller  jiroportion  of  volatile  fats  than  is  found  in 
genuine  butter  it  is,  iu  my  opinion,  less  liable  to  become  rancid. 

It  cannot  enter  into  competition  with  fine  butter  ;  but  in  so  far  as  it  may  serve  to 
drive  poor  butter  out  of  the  market,  its  manufacture  will  be  a  public  beuetit. 

Prof.  S.  W.  Joliosoi],  of  Yale  College,  makes  the  following  statenieut:^ 

S^iEFEiELD  Scientific  School  of  Yale  College, 

iVe«7  Haven,  Conn.,  March  20,  18:?0. 
Tlie  United  States  Dairy  Company  : 

Gentlemen:  I  am  acquainted  with  the  process  discovered  by  M.  Mcge  for  ])roduc- 
iuir  the  article  known  iu  commerce  as  oleomargarine  or  butterine. 


1  Oj).  cit.,  p.  73.  -^  Oj).  ell  ,  p.  7:5.  '^  Ojj.  cit.,  p.  74. 
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I  have  witnessed  the  manufacture  in  all  its  sta  ges,  as  carried  ont  ou  the  large  scale, 
aud  I  can  assert  that  when  it  is  conducted  according  to  the  8X)ecifications  of  M,  Mege 
it  cannot  fail  to  yield  a  x)roductthat  is  entirely  attractive  and  wholesome  as  food,  aud 
one  that  is  for  all  ordinary  culinary  and  nutritive  purposes  the  full  equivalent  of  good 
butter  made  from  cream. 

Oleomargarine  butter  has  the  closest  resemblance  to  butter  made  from  cream  in  the 
external  qualities — color,  flavor,  and  texture.  It  has  trhe  same  appearance  under  the 
microscope,  and  in  chemical  composition  differs  not  in  the  nature,  but  only  in  the 
proportions  of  its  components.  It  is,  therefore,  fair  to  j)ronounco  them  essentially 
identical. 

While  oleomargarine  contains  less  of  those  flavoring  princix^les  which  characterize 
the  choicest  butter^  it  is,  perhaps  for  that  very  reason,  comparatively  free  fvom  the 
tendency  to  change  and  taint,  which  speedily  renders  a  large  i)roportion  of  butter 
unfit  for  human  food. 

I  regard  the  manufacture  of  oleomargarine  or  butterine  as  a  legitimate  aud  benefi- 
cent industry. 

S.  W.  JOHNSON, 
Professor  of  Theoretical  and  Acjricultaral  Chemislri/, 
Director  of  the  Connecticut  Afjricultnral  Experiment  Station. 

Dr.  C.  A.  Goessinann,  of  xlmUerst,  indorses  in  general  the  above 

statements :  ^ 

Amherst,  Mass.,  March  20,  1880. 
United  States  Dairfj  Company.  New  York : 

Gentlemen  :  I  have  visited  on  the  17th  aud  IStli  of  the  present  month  your  factory, 
on  West  Forty-eighth  street,  for  the  purpose  of  studying  your  mode  of  applying 
M6ge's  discovery  for  the  manufacture  of  oleomargarine  butter  or  butterine.  A  care- 
ful examination  into  the  character  of  the  material  turned  to  account,  as  well  as  into 
the  details  of  the  entire  management  of  the  manufacturing  operation,  has  convinced 
me  that  your  product  is  made  with  care,  aud  furnishes  thus  a  wholesome  article  of 
food.  Your  oleomargarine  butter  or  butterine  comx^arcs  in  general  appearance  and 
in  taste  very  favorably  with  the  average  quality  of  the  better  kinds  of  the  dairy 
butter  in  our  markets.  In  its  composition  it  resembles  that  of  the  ordinary  dairy 
butter;  and  in  its  keeping  quality,  under  corresponding  circumstances,  I  believe  it 
will  surpass  the  former,  for  it  contains  a  smaller  percentage  of  those  constituents 
(glycerides  of  volatile  acids)  which,  in  the  main,  cause  the  well-known  rancid  taste 
and  odor  of  a  stored  butter. 

I  am,  very  respectfully,  vours, 

C.  A.  GOESSMANN,  Pri.  D., 

Professor  of  Chemistry. 

To  these  I  may  add  the  names  of  Prof.  Charles  P.  Williams,  of  the 
State  University  of  Missonri,  Dr.  Henry  IMott,  jr.,  Prof.  W.  O.  Atwater, 
and  Prof.  J.  W.  S.  Arnold.^ 

Armsby  ^  says  in  respect  of  the  healthfnluess  of  oleomargarine: 

Very  exaggerated  and  absurd  statements  have  been  made  regarding  the  unheaUh- 
fulness  of  butterine  and  oleomargarine.  The  charges  have  in  general  been  that  the 
fat  used  is  practically  uncooked,  and  that  raw  .Miimal  fat  is  unwholesome;  that  (ilthy 
fat  and  fat  from  diseased  animals  are  used,  and  that  the  product  contains,  or  is  liable 
to  contain,  the  germs  of  disease;  and  that  in  cleansing  tbes(^  diseased  and  filthy  fats 
dangerous  chemicals  are  used,  which  are  not  subsequently  completely  removed. 

That  the  fats  used  are  of  themselves  unwholesome  there  is  no  proof  whatever.  They 
contain  nothing  that  butter-fat  does  not  also  contain,  and  ditfer  from  it  only  by  the 
absence  of  about  G  per  cent,  of  the  glyceridc  of  certain  soluble  fatty  acids,  viz,  caprinic, 

'  Op.  cit.,  p.  71.  -Op.  cif.,  pp.  73,  74,  75.  "Science,  vol.  7,  No.  172, 
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caprylic,  capronlc,  and  butyric  acids.  The  only  experiments  upon  the  dif^estibilily 
of  imitation  butter  are  two,  by  A.  A.  Mayer,  upon  oleomargariue.  These  show^ed  a 
difference  of  only  about  2  per  cent,  in  favor  of  butter.  That  the  hif^her  flavor  of. 
butter  acting  upon  the  nervous  system  would  give  it  a  greater  nutritive  value  than 
the  flavorless  "'  neutral "  or  '^oleo  "  may  be  conceded  ;  but  that  an  article  which  even 
experts  fail  to  distinguish  from  genuine  butter  is  at  any  serious  disadvantage  in  this 
respect  may  well  be  doubted. 

The  manufacturers  claim  that  imitation  butter  can  only  be  made  from  the  best 
quality  of  fiit  from  freshly-killed  animals,  and  I  know  of  no  evidence  which  disproves 
their  assertious.  The  sensational  article  recently  published  in  a  prominent  agricult- 
ural pai)er  in  the  Northwest,  accompanied  by  cuts  of  the  num  erous  organisms  found 
in  bntteriue,  is  of  no  significance  in  this  connection,  both  because  the  species  de- 
scribed areiill  harmless,  and  because  no  comparative  examinations  of  geuuinebutter 
were  made.  It  is  highly  probable  that  many  samples  of  t  he  latter  would  show  as 
miscellaneous  an  assortment  of  formidable  looking,  harmless  organisms  as  did  the 
butteriuc. 

Ou  the  other  hand,  however,  there  is  at  present  no  guaranty,  except  the  statement 
of  the  manufacturers,  that  diseased  fat  is  not  or  cannot  be  used,  the  manufacture  be- 
ing conducted  entirely  without  any  official  insi^ectiou,  and  visitors  being  in  most  (not 
all)  cases  excluded.  I  believe  that  the  chances  of  disease  being  conveyed  in  this  way 
are  small,  but  they  are  not  yet  proved  to  be  non-existent. 

As  regards  filthy  processes  of  manufacture,  it  may  safely  be  asserted  that  butterine 
could  not  successfully  imitate  butter  were  it  not  as  clean  as  most  things  are  which 
pass  for  clean  in  this  dirty  world. 

The  churge  that  dangerous  chemicals  are  used  in  the  manufacture  may  be  disposed 
of  in  a  few  words.  If  a  dangerous  amount  of  any  chemical  which  is  claimed  to  bo 
used  were  lelt  in  the  finished  product  the  latter  would  be  inedible.  Should  trace  of 
these  chcLaicals  be  found  their  significance  would  not  lie  in  themselves,  but  in  the  in- 
dication ihey  would  furnish  that  the  original  fats  were  impure  and  required  chemical 
treatment. 

Sell  ^  has  made  an  examination  of  the  evidence  for  and  against  the  nn- 
wholesomeness  of  artificial  batter  and  has  reached  the  following  con- 
clusions : 

The  artificial  butter  prepared  from  the  fat  of  healthy  animals,  apart  from  possibly 
a  somewhat  less  digestibility,  in  comparison  with  milk -butter  furnishes  in  general  no 
reason  for  the  supposition  that  it  can  affect  injuriously  human  health. 

There  is  ground  for  the  suspicion  that  a  part  of  the  {>rtificial  butter  occurring  in 
commerce  is  manufactured  out  of  such  material  or  by  such  processes  as  do  not  with 
certainty  exclude  the  danger  of  coaveying  to  man  disease  whether  produced  by  vege- 
table spores  or  animal  parasites. 

There  is  ground  for  suspicion  that  a  part  of  che  artificial  butter  is  made  from  naus- 
eating sul)stances. 

The  possibility  of  injury  to  health  from  a  carelessly-prepared  artificial 
butter  must  not  be  neglected. 

Dr.  Thomas  Taylor  j) resented  this  aspect  of  the  case  to  the  Senate 
Committee.^ 

It  has  already  been  mentioned  that  in  the  earlier  processes  employed 
in  the  manufacture  of  artificial  butter  the  stomachs  of  sheep  and  pigs 
were  digested  with  the  fats  employed. 

'  Arbeiten  a.  d.  Kaiserlichen  Gesundheitsamte,  pp.  494,  500. 
2  Oj).  cit.  pp.  42-40  and  273-4. 
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Tidy  aud  Wiguer  ^  have  investigated  the  action  of  mammary  tissue 
on  fats  used  as  butter  substitutes. 

By  digesting  a  pure  animal  fat  witli  the  cliopped-up  tissues  of  the 
udders  of  cows  tlie  authors  found  a  marked  chemical  change  produced. 
Cleomargarine  or  tallow  when  treated  in  this  way  give  rise  to  both 
soluble  and  volatile  fatty  acids.  Since  both  milk  and  butter  contain  a 
certain  amount  of  mammary  tissue,  in  the  form  of  casts  from  the  mam- 
mar^^  glands,  it  is  believed  that  they  also  would  exert  an  influence  on 
animal  fats.  Butter  appears  to  act  more  vigorously  than  milk  in  this 
way,  probably  because  it  contains  a  larger  percentage  of  mammary 
tissue. 

NUTRITIVE  VALUES  OF  BUTTER  AND  OLEOMARGARINES. 
On  this  subject  Atwater  ^  has  collected  valuable  information,  he  says: 

The  value  of  butter,  as  of  any  other  food  material  for  nourishiueut,  depends  upon 
the  amounts  of  its  nutritive  ingredients,  their  digestibility,  and  their  uses  in  the  nu- 
trition of  the  body. 

CHEMICAL  COMPOSITION. 

The  food  values  of  real  and  imitation  butter,  as  compared  with  each  other  and 
with  other  food  materials,  can  be  best  shown  by  first  comparing  their  composition. 

It  appears  that  the  nutrients  of  the  leaner  kinds  of  meat  and  fish  consist  mostly 
of  protein,  that  the  fatter  meats  and  fish  contain  considerable  fat  with  the  pro- 
tein, that  the  vegetable  foods  have  for  the  most  part  very  little  fat,  and  abound 
especially  in  carbohydrates,  while  the  nutriments  of  butter  and  oleomargarine  con- 
sist almost  exclusively  of  fats.  Indeed,  the  protein  and  carbohydrates  in  both  must 
be  regarded  as  impurities.  The  quantities  of  fat  are  shown  by  analysis  to  be  very 
nearly  the  same  in  both. 

DIGESTIBILITY, 

Regarding  the  relative  digestibility  of  butter  and  oleomargarine  the  experimental 
facts  at  hand  are  meager.  They  imply,  as  would  be  expected  from  the  composition,  that 
there  is  very  little  difference  between  the  two.  The  study  of  the  question  is  rendered 
difficult  by  the  fact  that  what  is  ordinarily  called  the  digestibility  of  a  food  includes 
several  different  things,  the  ease  with  which  it  is  digested,  the  time  required  for  di- 
gesting it,  and  the  proportions  of  its  several  constituents  that  are  digested. 

As  to  the  comparative  ease  and  time  of  digestion  of  butter  and  oleomargarine 
nothing  is  definitely  known,  though  there  is  little  ground  for  assuming  that,  in  the 
alimentary  canal  of  a  healthy  person,  at  any  rate,  one  would  be  digested  and  taken 
into  the  circulation  much  more  readily  than  the  other.  The  actual  amounts  digested 
are  capable  of  more  nearly  accurate  exj)erimental  estimate.  During  the  past  few 
years  very  many  experiments  have  been  made,  in  Germany  especially,  to  test  the 
quantities  of  the  more  important  constituents  of  different  foods  digested  by  domestic 
animals,  and  a  considerable  number  have  been  carried  out  with  men  and  children. 

The  only  comparative  experiments  on  the  digestibility  of  butter  and  oleomargarine 
that  have  been  reported  are  two  series  conducted  by  Professor  Mayer,  a  German 
chemist.  One  series  was  with  a  full-grown  man  and  the  other  with  a  boy  of  nine 
years  of  age,  both  strong,  healthy  persons.  The  outcome  was  that  both  the  man  and 
the  boy  digested  from  97.7  to  98.4  iDcr  cent,  of  the  fat  of  the  butter,  and  from  9(5.1  to 
96.3  per  cent,  of  the  fat  of  the  oleomargarine.  The  average  difference  was  about  Lfi 
per  cent,  in  favor  of  the  butter.     There  are,  however,  certain  unavoidable  sources  of 

1  Analyst,  1883,  pp.  113  el  seq.  -  Bradstreet's,  Saturday,  June  19,  1880. 
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error  in  such  experiments,  a,nd  it  is  very  probable  tbat  tbe  proportions  actually  di- 
gested were  somewbat  larger  tban  tbeso  figures  imply.  Very  likely  eacb  of  tbe  two 
persons  may  liavo  digested  practically  all  of  tbe  fat  of  tbe  butter,  and  all  but  1  or  2 
per  cent,  or  even  less  of  tbat  of  tbe  oleomargariue.  In  tbese  experiments  tbe  butter 
and  oleomargarine  were  eaten  witb  bread,  cbeese,  wbite  of  eggs,  potatoes,  peas,  and 
sugar. 

The  digestibility  of  butter  Las  been  tested  in  two  or  tbree  other  series  of  experi- 
ments. Thus  Dr.  Rubuer,  in  Munich,  found  that  a  healthy  man,  on  a  diet  of  but- 
ter, bread,  and  meat,  digested  97.3  per  cent,  of  the  total  fat  of  the  food,  of  which  tbe 
bulk  came  from  the  butter.  In  some  experiments  by  myself,  in  which  a  man  received 
a  diet  of  fish  (liaddock)  and  butter,  91  per  cent,  of  the  total  fat,  nearly  all  of  which 
came  from  the  butter,  was  found  to  be  digested. 

Tbe  experiments  of  Rubner  and  myself  were  couducted  in  the  same  manner  as 
those  of  Mayer,  and  exposed  to  tbe  same  slight  sources  of  error.  Tbe  results  of  all 
of  them  are  just  what  would  naturally  be  expected,  namely,  that  very  nearly  all  of 
the  fat  of  butter  aud  of  oleomargarine  is  digested  in  a  healthy  organism. 

It  might  seem  tbat  tbe  relative  digestibility  of  the  two  materials  could  be  tested 
by  experiments  in  artificial  digestion  ;  tbat  is  to  say,  by  treating  both  substances 
with  digestive  fluid: ,  or  with  materials  similar  to  them,  and  observing  the  results. 
Such  experinunts  are  not  accurate  tests  of  the  actual  digestibility  of  the  substances 
in  the  body,  since  the  conditions  which  obtain  in  tbe  alimentary  canal  cannot  be  ex- 
actly imitated  by  any  artificial  means  which  physiological  chemistry  has  y^t  sug- 
gested. Professor  Mayer,  taking  into  account  that  tbe  fats  are  more  or  less  split  up 
in  the  process  of  natural  digestion,  has  made  some  experiments  to  test  the  compara- 
tive readiness  with  which  butter  aud  oleomargarine  arc  split  up,  aud  finds  a  very 
slight  difierence  in  favor  of  butter.  As  the  result  of  all  his  experiments  ho  concludes 
that,  while  tbe  butter  appears  to  be  a  little  more  digestible  than  oleomargarine,  tbe 
difference  is  too  small  to  be  of  practical  consequence  for  healthy  persons.  At  tbe 
same  time  there  may  be  cases,  especially  those  of  invalids  and  children  just  past  the 
nursing  period,  when  butter  would  be  i)referable ,'  but,  considering  simply  the  nutri- 
tive values  for  ordinary  use.  Professor  Mayer  considers  the  choice  between  the  two 
to  be  essentially  one  of  comparative  cost,  an  opinion  from  which  there  is,  so  fiir  as  I 
am  aware,  scarcely  any  dissent  amoug  those  who  have  devoted  the  most  study  to  this 
class  of  subjects. 

It  is  a  common  and  perhaps  correct  theory,  though  it  lacks  experimental  confirma- 
tion, that  the  flavor  of  the  fats  peculiar  to  butter  may  in  someway  increase  its  value 
for  nutriment.  But,  granting  this  to  be  true,  it  would  be  hardly  reasonable  to  as- 
sume that  a  difference  in  flavor  which  even  experts  may  fail  to  detect  could  make  any 
considerable  difference  in  the  nutritive  effect  of  two  substances  otherwise  so  similar 
as  real  and  imitation  butter. 

To  recapitulate  briefly,  butter  and  oleomargarine  have  very  nearly  tbe  same  chemi- 
cal composition  ;  in  digestibility  there  maybe  a  slight  balance  in  favor  of  butter, 
though  for  the  nourishment  of  healthy  persons  this  difference  can  hardly  bo  of  any 
considerable  consequence;  for  supplying  the  body  with  heat  aud  muscular  energy, 
which  is  their  chief  use  in  nutrition,  they  are  of  practically  equal  value,  excelling 
in  tbis  respect  all  other  common  food  materials.  Such,  (It  any  rate,  is  tbe  practically 
unanimous  testimony  of  the  latest  and  best  experimental  research. 

While  it  is  true  tliat  chemical  analysis  aud  certaiu  digestive  experi- 
meuts  have  uot  hitherto  shown  that  pure  butter  possesses  any  marked 
superiority  over  butter  surrogates  as  a  food,  yet  it  must  not  be  forgot- 
ten that  butter  has  a  much  more  complex  composition  than  lard  or  tal- 
low or  cotton-seed  oil  j  that  it  is  a  natural  food,  and  doubtless  possesses 
many  digestive  adv^antages  which  science  has  not  yet  been  able  to 
demonstrate. 
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THE   MANUFACTURE  OF  ARTIFICIAL  BUTTER   IN    THE  UNITED    STATES. 

The  following  information  has  been  kindly  famished  by  the  lion. 
Joseph  S.  Miller,  Commissioner  of  Internal  Rcveune: 

TkEASUKY   DErARTMEXT,  OFFICE    OF    IXTERXAL   REVENUE, 

Washington,  March  4,  18S7. 
Sir:  In  reply  to  your  letter  of  1st  instant,  I  have  the  honor  to  state  that  there  are 
thirty-seven  factories  engaged  in  the  manufacture  of  artificial  butter  now  in  opera- 
tion in  the  United  States,  located  as  follows: 


Location. 

No.  of  ' 
factories. 

Location. 

No.  of 
factories. 

2 

11 

Buffalo,  'S.Y 

1 

Chica'i'o  111                          .                

Columbus   Obio 

1 

1  Clevelaud.Obio 

•ii 

Kansas  City  Ivans 

Philadelpbia,  Pa 

Pittsbuii;b,  Pa 

3 

Armourdalo,  Kans 

1 

(^aiiibri(l"'o  Mass 

AUegbeny,  Pa 

Providence,  II.  I 

1 

Broolvlyn,  N.  Y. 

3 

Pawtucket,  E.  I 

There  are  two  hundred  and  fifty-uiue  wholesale  dealers  in  the  United  States,  lo- 
cated as  follows : 


Location. 

No.  of 
wholesale 
dealers. 

Location. 

No.  of 
who'esa'o 
dealers. 

Birrninfbam  Ala                              .     ... 

I 

2 

1 
4 

1 

\ 

1 
2 
1 
] 
.3 
5 
?,0 
1 

1 

1 
1 
1 
2 

4 
4 
21 

1 
1 
1 
2 

1 
1 
2 
1 
2 
2 
2 
1 
1 
.-} 
1 
1 
4 
1 

T 
.3 

Salt  Lake,  Utah 

Hoboken,  N".  J 

1 

Fort  Smitb,  Ark 

Hot  Springs  Ark 

Jersey  City  N  J 

1 

Little  Kock  Ark       .            

Piuo  Bluff,  Ark 

1 

Denver,  Col                       

Saratoga  Springs,  N".  Y .' 

\ 

Jacksonville  Fla 

Rochester  N.  Y 

I 

Atlanta,  Oa.'. 

En^'lcwood  111 

Youncstown,  Ohio 

Philadelphia  Pa 

2 

Sprin"-field'  111 

Allegheny  Citv,  Pa 

1 

CairoriU.-I 

Council  Blnfl's  Iowa 

AVoousocket,  II.  I 

Memphis  Tenn  

1 
8 

Elwood,Kan3 

EIPaso,Tes 

Dallas,  Tex: 

9 

Louisville  Ky 

1 

1 

Boston  Alass 

Milwaukee  "Wis 

3 

Pall  llivor,  Mass 

Ashland,  AVis 

1 

Lowell  Mass 

Eaii  Claire  Wis. .     ..                 

1 

Aspen,  Col 

"Worcester,  Mass 

Hon ghton,  Mich 

3 

Pueblo,  Col 

1 

Durante,  Col 

Detroit,  Mich ". . 

G 

Buena,  Vista,  Col 

Grayling,  Mich 

1 

Hartford,  Conu 

1  Saginaw,  Mich 

1 

Luddington,  Mich 

1 

Leadville,  Col 

Saint  Paul,  Minn 

2 

Cbicac;o,  Hi 

Helena,  Mont 

2 

Peoria,  111 

Jefl'erson  Citv,  Mont 

1 

Danville,  111 

South  Butte,  Mont 

1 

Indianapolis,  Ind 

Ogden,  Utah 

Dover,  N.H 

1 

Kansas  City,  Kans 

To  leka,  Kans 

1 

Newark,  N.J 

Sante  ¥6,  N".  Mex 

1 

1 

BaltimoTo,  Mil 

Albuquerque,  N.  Mex 

1 

Saleni   Mass 

New  York,  N.  Y      

15 

New  Bedford   Mass 

Bulfalo,  N".  Y 

1 

Gloucester  Mass 

Cincinnati,  Ohio     

G 

Lawrence,  !Mass 

Cleveland,  Ohio 

3 

Spriuglield.  Mass 

Pittsburgh,  Pa 

14 

Ii'ouwood  ificli 

Providence,  R.  I 

IG 

Bay  Citv,  Midi  . 

Pawtucket.  R.  I 

Nashville  Tenn                          ..    

1 

EastSa""iuaw  Micli 

1 

1 

Grand  liapids,  Mich 

East  Saint  Louis  III 

Fort  "Wot  th   Tex                        

2 

1 

P.utte,  Mont ....[[.'".[" ."V.V.\. 

Oshkosh,  Wis 

Hurley,  AVis 

I 

Missoula.  Mont 

2 
1 

^ 
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The  quantity  manufactured  and  removed  for  consumption  or  sale  at  2  cents  per 
pound  during  tlie  months  of  November  and  December,  1886,  and  January,  1887,  is  as 
follows :  , 

Pounds, 

November 4, 742, 569 

December 2, 786, 278 

January 2,501,114 

Total 10,029,961 

The  quantity  exported  from  the  United  States  during  the  period  above,  all  exporta- 
tions  being  from  the  port  of  New  York,  is  as  follows  : 

Pounds. 

November 3, 247 

December 58,689 

January 52, 761 

Total 114,697 

Respectfully, 

JOS.  S.  MILLER, 

Commissioner. 

Hon.  N.  J.  COLMAN, 

Commissiover  of  Agriculture,  TTashington,  D.  C. 

COLORING  MATTERS  IN  BUTTER. 

The  pure  animal  fats,  prepared  iu  the  manner  described,  are  almost 
colorless.  The  tint  of  genuine  butter  is  imparted  to  these  bodies  by 
various  coloring  matters.  The  principal  artificial  colors  which  have 
been  employed  are : 

Annotto  [Bixa  orellana). 

Turmeric  (Curcuma  longa  and  viridiflora). 

Saffron  (dried  stigaias  Crocus  sativus). 

Marigold  leaves  [Calendula  officinalis). 

Yellow  wood  [Morus  tinctoria). 

Carrot  juice  (Daucus  caroia). 

Chrome  yellow  (PbCr04) 

Dinitrocressol — kalium. 

ANNOTTO. 

This  substance  is  used  more  than  any  other  in  imparting  to  artificial 
butter  a  yellow  tint.  Indeed  it  is  used  to  color  genuine  butter,  which 
often  in  winter  is  almost  white  in  its  natural  state. 

The  coloring  substance  called  annotto,  arnatta,  or  roiicou  is  the  reddish  pulp  sur- 
rounding the  seeds  in  the  fruit  of  Biia  orellana,  a  middling-sized  tree  growing  in 
Guiana  and  other  parts  of  South  America.  The  pulp  is  separated  by  bruising  the 
fruit,  mixing  it  with  water,  then  straining  through  a  sieve,  and  allowing  the  liquid 
to  stand  till  the  undissolved  portion  subsides.  The  water  is  then  poured  off  and  the 
mass  which  remains, having  been  sufficiently  dried,  is  formed  into  flat  cakes  or  cylin- 
drical rolls  and  sent  into  the  market.  Another  mode  is  to  bruise  the  seeds,  mix  them 
with  water,  and  allow  the  mixture  to  ferment.  The  coloring  matter  is  deposited 
during  the  fermentation,  after  which  it  is  removed  and  dried.  In  commerce  there 
are  two  kinds  of  annotto  the  Spanish  or  Brazilian  and  French,  the  former  coming  in 
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baskets  from  Brazil,  the  latter  iu  casks  from  Frencli  Guiana.  The  Freucbj  wliich  is 
also  called  flag  annotto,  has  a  disagreeable  smell,  probably  from  having  been  prepared 
by  the  fermenting  process,  but  is  superior  as  a  dye-stuff  to  the  Spanish,  which  is  with- 
out any  disagreeable  odor.  Annotto  is  of  a  brownish  red  color,  usually  rather  soft 
but  hard  aud  brittle  when  dry,  of  a  dull  fracture,  of  a  sweetish  peculiar  odor,  and  a 
rough,  saline,  bitterish  taste.  It  is  inflammable,  but  does  not  melt  with  heat.  It 
softens  in  water,  to  which  it  imparts  a  yellow  color,  but  does  not  dissolve.  Alcohol, 
ether,  the  oils,  aud  alkaline  solutions  dissolve  the  greater  part  of  it.  It  contains  a 
l^eculiar  crystallizable  coloring  principle,  to  which  M.  Preisser,  its  discoverer,  gave 
the  name  of  bix'ui.  It  is  frequently  adulterated  with  led  ocher,  powdered  bricks,  col- 
cothar,  farinaceous  substances,  chalk,  sulphate  of  calcium,  turmeric,  &c.  The  min- 
eral substances,  if  present,  will  be  left  behind  when  the  annotto  is  burned.' 


Saffron  has  a  peculiar,  sweetish,  aromatic  odor,  a  warm,  pungent,  bitter  taste,  and 
a  rich  deep  orange  color,  which  it  im]Dart3  to  the  saliva  when  chewed.  The  stigmas 
of  which  it  consists  are  an  inch  or  more  in  length,  expanded  and  notched  at  the  up- 
per extremity,  and  narrowing  towards  the  lower,  where  they  terminate  in  a  slender, 
capillary,  yellowish  portion,  forming  a  -part  of  the  style.  When  chewed  it  tinges  the 
saliva  deei)  orange-yellow.  Saffron  should  not  be  mixed  with  the  yellow  styles. 
When  pressed  between  filtering  paper  it  should  not  leave  an  oily  stain.  When  soaked 
in  water  it  colors  the  liquid  orange-yellow,  aud  should  not  deposit  any  pulverulent 
mineral  matter  nor  show  the  presence  of  organic  substances  differing  in  shape  from 
that  described." 

Adulteration  of  saffron. — Saffron  is  often  adulterated  with  cheaper  yellow  vegeta- 
ble coloriug  matter,  turmeric,  annotto,  the  flowers  of  the  marigold  {Calendula  offici- 
nalis), Carthamus  flowers,  the  flowers  of  ^nu'ca  montana,  Scolymus  his2)anicus,  Fali- 
caria  dysenterica,  Funica  granatum,  Pceonia,  Crocus  vermis,  &c.^ 

Of  these  tlie  marigold  flowers  are  perhaps  the  most  commonly  used.  They  have  a 
natural  yellow  color,  and  when  they  are  saturated  with  carmine  or  aniline  red,  aud 
dried,  they  possess  a  striking  similarity  to  the  genuine  saffron.  If  they  are  put  for 
a  few  minutes  iu  water,  however,  they  assume  their  original  form,  and  are  then  easily 
distinguished  from  the  stigmas  of  the  saffron  flower. 

If  a  mixture  of  saffron  stigmas  and  the  substitutes  just  mentioned  be 
put  into  a  vessel  of  water  where  the  individual  i)ieces  are  widely  sepa- 
rated, the  saffron  stigmas  soon  become  surrounded  with  a  yellow  ex- 
tract, while  the  others  suffer  no  change  or  impart  only  a  weak  carmine 
tint  to  the  water. 

The  use  of  mineral  coloring  matters  like  the  chromate  of  lead  is  highly 
reprehensible  from  a  sanitary  i)oint  of  view. 

Annotto  and  saffron  in  butter  may  be  detected  by  the  following 
Diethod,  proposed  by  Cornwall :  * 

About  5  grams  of  the  warm  filtered  fat  are  dissolved  in  about  50cc,  of  ordinary  ether^ 
in  a  wide  tube,  aud  the  solution  is  vigorously  shaken  for  ten  to  fifteen  seconds  with 
12  to  15cc.  of  a  very  dilute  solution  of  caustic  potash  or  soda  in  water,  only  alkaline 
enough  to  give  a  distinct  reaction  with  turmeric  paper,  and  to  remain  alkaline  after 
separating  from  the  ethereal  fat  solution.     The  corked  tube  is  set  aside  and  iu  a  few 

'  U.  S.  Dispensatory,  p.  1572. ' 
-  U.  S.  Dispensatory,  -p.  501. 

^Schimpfer,  Anleit.  z.  Mikroskopischeu  Untersuchung  d.  Nahruugs- und  Genuss- 
mittel,  p.  101. 
^Chem.  News,  vol.  55,  -p.  49. 
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hours,  afc  most,  the  greater  part  of  the  afiueous  soliitiou,  uow  colored  more  or  less 
yellow  hy  the  annotto,  cau  be  drawn  from  beneath  the  ether  with  a  pipette  or  by  a 
stopcock  below,  in  a  safidcieutly  clear  state  to  be  evaporated  to  dryness  and  tested  in 
the  nsnal  way  with  a  drop  of  concentrated  sulphuric  acid. 

Sometimes  it  is  well  to  further  purify  the  aqueous  solution  by  shaking  it  with  some 
fresh  ether  before  evaporating  it,  and  any  fat  globules  that  may  float  on  its  surfjxce 
during  evaporation  should  bo  removed  by  touching  them  wifch  a  slip  of  filter-paper  ; 
but  the  solution  should  not  be  filtered,  because  the  filter-paper  may  retain  much  of 
the  coloring  matter. 

The  dry-yellow  or  slightly  orange  residue  turns  blue  or  violet  blue  with  sulphuric 
acid,  then  quickl 3^  green,  and  finally  brownish  or  somewhat  violet  (this  final  change 
being  variable,  according  to  the  purity  of  the  extract). 

Saifron  can  be  extracted  in  the  same  way ;  it  differs  from  annotto  very  decidedly 
the  most  important  difference  being  in  the  absence  of  the  green  coloration. 

Genuine  butter,  free  from  foreign  coloring  matter,  imparts  at  most  a  very  i^ale  yel- 
low color  to  the  alkaline  solution  ;  but  it  is  important  to  note  that  a  mere  greeu  col- 
oration of  the  dry  residue  on  addition  of  sulphuric  acid  is  not  a  certain  indication  of 
annotto  (as  some  books  state)  because  the  writer  has  thus  obtained  from  genuine 
butter,  free  from  foreign  coloring  matter,  a  dirt}^  green  coloration,  but  not  preceded 
by  any  blue  or  violet  blue  tint. 

Blank  tests  should  be  made  with  the  ether;  it  is  easy  to  obtain  ether  that  leaves 
nothing  to  be  desired  as  to  purity. 

Turmeric  is  easily  identified  by  the  brownish  to  reddish  stratum  that  forms  between 
the  ethereal  fat  solution  and  the  alkaline  solution  before  they  are  intimately  mixed. 
It  may  be  even  better  recognized  by  carefully  bringing  a  feebly  alkaline  solution  of 
animoniain  alcoholbeneath  the  ethereal  fat  solution  with  apipetto,  andgeutly  agitat- 
ing the  two,  so  as  to  mix  them  partially. 

Martin^  gives  a  method  of  separating  aud  determining  artificial  color- 
ing matters  in  butter.  To  5  grams  of  fat,  dry,  are  added  25cc.  GS2  and 
the  mixture  well  shaken  with  water  made  slightly  alkaline  with  KaOH 
or  KOH  aud  the  mixture  gently  shaken.  The  alkaline  water  will  dis 
solve  all  the  coloring  matter.  This  is  now  determined  qualitatively  by 
the  spectroscope  or  quantitatively  by  making  up  a  comparativ^e  mixture 
with  the  coloring  matter  found.  Butters  act  better  when  treated  as 
above  than  oleomargarine. 

The  relative  amount  of  color  in  butters  is  thus  estimated  by  Babcock  -.'^ 

The  relative  amount  of  color  in  butters  maybe  determined  with  accuracy  as  follows  : 
One  gram  of  the  fresh  butter  is  digested  with  15cc.  of  refined  kerosene  till  the  fats 
are  completely  dissolved  and  the  solutions  filtered.  The  filtrate  will  be  colored  in 
proportion  to  the  coloring  matter  of  the  butter,  and  may  bo  compared  to  that 
from  another  butter  or  preferably  to  a  standard  solution  by  means  of  a  Diibesquo 
colorimeter.  A  standard  color  for  comparison  may  be  prepared  by  adding  a  small 
quantity  of  any  of  the  commercial  butter  colors  to  kerosene  oil.  This  standard  will 
keep  for  a  long  time  without  changing,  if  kept  from  the  light. 

The  scale  of  the  colorimeter  on  the  side  which  the  butter  solution  occupies  is  always 
set  at  the  same  degree,  while  the  scale  for  the  other  standard  is  made  variable.  The 
reading  of  this  side  will,  therefore,  vary  with  the  amount  of  color  in  the  sample. 

If  some  of  the  kerosene  oil  in  which  the  butters  are  dissolved  be  substituted  for 
the  solution  of  butter,  a  small  reading  will  be  obtained  which  should  be  deducted 

'  Analyst,  1885,  p.  1C3. 

2 Fifth  An.  Rep't  B'd  Control,  N.  Y.  Exp.  Sta.,  p.  33.5-336. 
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liom  that  ior  each  utthc  butlers.  The  numbers  reiiiaiuiug  are  directly  proporlioual 
to  the  colors  of  the  butters.  In  the  butters  thus  far  cxaiiiiucd  a  fair  colored  Jersey 
butter  was  takeu  for  a  standard  and  called  100,  The  others  ^verc  calculated  to  this 
standard  from  the  scale  reading. 

The  use  of  a  siuall  auiount  of  vegetable  coloriug  matters  mentioned 
above  does  uot  seem  to  be  prejudicial  to  liealtb. 

EXAMINATION  OF  BUTTERS. 

The  examiuatiou  of  butters  to  detect  adulterations  may  be  divided 
into  two  parts ;  (1)  Determination  of  physical  properties  j  (2)  deter- 
mination of  chemical  properties. 

Fhysical x^rojyerties. — The  physical  properties  of  fats  which  are  useful 
in  butter  analysis  are  their  crystalline  state,  specific  gravity,  and  melt- 
ing point. 

Pure  fresh  butter  prepared  in  the  ordinary  manner  is  uot  crystalline. 
The  microscope  shows  the  absence  of  all  forms  of  crystalline  structure, 
and  thin  films  of  the  butter  fat  have  no  influence  whatever  on  polarized 
light. 

On  the  contrary,  old  butters,  or  butters  which  hav^e  been  melted  and 
allowed  to  crystallize,  and  oils  and  fats  which  have  been  once  in  a  fluid 
state,  show,  as  solids,  quite  a  distinct  crystalline  structure  readily  re- 
vealed by  the  microscope  and  affecting,  in  a  marked  manner,  the  po- 
larized ray. 

Eecently  much  attention  has  been  excited  by  a  discussion  of  the  ap- 
plication of  polarized  light  to  the  qualitative  examination  of  suspected 
butters,  and  since  many  analysts  have  not  the  time  to  fully  investigate 
this  matter  I  have  thought  it  useful  to  enter  upon  the  discussion  of  it 
in  considerable  detail. 

Polarization  is  a  term  applied  to  a  phenomenon  of  light,  in  which  the 
vibrations  of  the  ether  are  supposed  to  be  restricted  to  a  i)articular 
form  of  an  ellipse  whose  axes  remain  fixed  in  direction.  If  the  ellipse 
becomes  a  straight  line  it  is  called  "  plane  polarization."  This  Avell- 
known  phenomenon  is  most  easily  produced  by  a  Mcol  prism,  consist- 
ing of  a  crystal  of  carbonate  of  calcium  (Iceland  spar).  This  rhombo- 
hedral  crystal,  the  natural  ends  of  which  form  angles  of  71°  and  109°, 
respectively,  with  the  opposite  edges  of  its  principal  section,  is  prepared 
as  follows : 

The  ends  of  the  crystal  are  ground  until  the  angles  just  mentioned 
become  08°  and  112o.  The  crystal  is  then  divided  diagonally  at  right 
angles  with  the  planes  of  the  ends  and  wi;h  the  principal  section,  and 
after  the  new  surfaces  are  polished  they  are  joined  again  by  Canada 
balsam.  The  principal  section  of  this  prism  passes  through  the  shorter 
diagonal  of  the  two  rhombic  ends.  If  now  a  ray  of  light  fall  on  one 
of  the  ends  of  this  prism,  parallel  with  the  edge  of  its  longer  side,  it 
sufters  double  refraction,  and  each  ray  is  plane  polarized,  the  one  at 
right  angles  with  the  other.     That  part  of  the  entering  ray  of  light 
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which  is  most  refracted  is  called  the  ordinary  and  the  other  the  extraor- 
dinary ray.  The  refractive  index  of  the  film  of  balsam  being  inter- 
mediate between  those  of  the  rays,  permits  the  total  reflection  of  the 
ordinary  ray,  which,  passing  to  the  blackened  sides  of  the  prism,  is  ab- 
sorbed. The  extraordinary  ray  passes  the  film  of  balsam  withont  de- 
viation and  emerges  from  the  prism  in  a  direction  parallel  with  the 
incident  ray,  having,  however,  only  half  of  its  luminous  intensity. 

Two  such  prisms,  properly  mounted,  furnish  the  essential  parts  of  a 
polarizing  apparatus.  They  are  called  the  '^polarizer"  and  the  "ana- 
lyzer," respectively. 

If  now  the  i)lane  of  vibration  in  each  prism  be  regarded  as  coincident 
with  its  principal  section,  the  following  i)henomena  are  observed :  If 
.  the  prisms  are  so  i)laced  that  the  principal  sections  lie  in  the  prolonga- 
tion of  the  same  plane,  then  the  extraordinary  polarized  ray  from  the 
polarizer  passes  into  the  analyzer,  which  practically  may  be  regarded 
in  this  iDOsition  as  a  continuation  of  the  same  prism.  It  hapi^ens,  there- 
fore, that  the  extraordinary  polarized  ray  passes  through  the  analyzer 
exactly  as  it  did  through  the  polarizer,  and  is  not  reflected  by  the  film 
of  balsam,  but  emerges  from  the  analyzer  in  seemingly  the  same  con- 
dition as  from  the  polarizer.  If  now  the  analyzer  be  rotated  180°, 
bringing  the  principal  section  again  in  the  same  plane,  the  same  phe- 
nomenon is  observed.  But  if  the  rotation  be  in  either  direction  only  90°, 
then  the  polarized  ray  from  the  first  i)rism,  incident  on  the  second,  de- 
ports itself  exactly  as  the  ordinary  ray,  and  on  meeting  the  film  of  bal- 
sam is  totally  reflected.    The  field  of  vision,  therefore,  is  perfectly  dark. 

In  all  other  inclinations  of  the  i)lanes  of  the  principal  sections  of  the 
two  prisms  the  ray  incident  in  the  analyzer  is  separated  into  two,  an  ordi- 
nary and  extraordinary,  varying  in  luminous  intensity  in  i>roportion  to 
the  square  of  the  cosine  of  the  angle  of  the  two  planes. 

Thus  by  gradually  turning  the  analyzer,  the  field  of  vision  j)asses 
slowly  from  maximum  luminosity  to  complete  obscurity. 

The  expression  "  crossed  Nicols  "  refers  to  the  latter  condition  of  the 
field  of  vision. 

Selenite plate. — In  the  practical  apj)lication  of  polarized  light  to  the  ex- 
amination of  facts,  an  important  use  is  made  of  a  selenite  plate  (crystal- 
lized sulphate  of  calcium).  A  disk  of  selenite,  interposed  between  the 
l^olarizer  and  analyzer  imparts  a  coloration  to  the  field  of  vision  which 
varies  with  the  relative  position  of  the  principal  sections  of  the  two 
prisms. 

This  phenomenon  depends  on  the  fact  that  a  plane  polarized  ray  of 
light  can  be  decomposed,  in  passing  a  section  of  a  bi-refracting  crystal 
like  selenite  or  mica,  into  two  rays,  polarized  at  right  angles  and  dif- 
fering in  phase. 

This  fact  is  illustrated  by  passing  a  polarized  ray  (from  a  Nicol  prism) 
through  a  very  thin  crystallized  plate  of  mica  or  gypsum  (selenite) 
obtained  by  cleavage.     By  the  double  refraction  of  the  thin  plate  the  po- 
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larized  ray  is  separated  into  two,  ordinary  and  extraordinary.  The  ex- 
traordinary, having  to  pass  over  a  greater  distance,  joints  the  ordinar^^ 
ray,  after  emergence,  with  a  phase  slightly  different,  the  degree  of  dif- 
ference depending  on  the  nature  of  the  himina,  the  inclination  of  the  in- 
cident ra}',  &c.,  but  in  every  case  this  difference  of  phase  can  be  easily 
calculated,  and  the  resultant  beam  of  light  is  said  to  be  elliptically  po- 
larized. Each  of  the  components  of  this  ray  enters  the  analyzer  and  is 
again  resolved.  One  of  its  elements  is  suppressed  in  the  Nicol  and  the 
other,  consisting  of  vibrations  in  the  principal  plane,  passes  througli. 
The  result  is  two  sets  of  vibrations  in  the  same  plane  slightly  different 
in  phase,  which  are,  therefore,  in  a  condition  to  interfere  and  produce 
color.  If  the  source  of  light  be  monochromatic,  when  the  analyzer  is 
rotated,  only  certain  variations  in  luminous  intensity  will  be  observed ; 
but  if,  on  the  other  hand,  white  light  be  employed  these  variations  in 
phase  will  give  rise  to  a  display  of  colors.  In  order  that  the  lield  of 
vision  be  of  a  uniform  tint  it  is  necessary  that  the  lamina  of  crystal  be 
of  uniform  thickness.  For  ordinary  use  the  selenite  plate  is  ground  to 
a  thickness  which  will  give  green  and  reel  tints. 

For  crossed  Mcols  the  colors  of  the  selenite  plate  appear  brightest 
when  it  is  so  i>laced  that  the  idane  of  vibration  in  the  crystal  forms  an 
angle  of  45^  with  the  plane  of  vibrations  of  the  polarized  incident  ray. 
If  the  selenite  plate  is  rotated  in  its  own  xdane,  the  color  appears  in  the 
four  quadrants  at  its  maximum  and  disappears  at  intervals  of  90°. 

If  the  planes  of  the  two  Nicols  are  parallel,  the  same  order  of  phe- 
nomena ax)pear  as  before,  except  that  the  positions  of  maximum  and 
minimum  are  reversed. 

If  the  analyzer  be  rotated  and  the  selenite  plate  and  polarizer  re- 
main stationary  there  is  no  effect  produced,  when  the  principal  section 
of  the  selenite  is  parallel  or  i)erpendicular  to  the  polarizing  plane  of 
the  under  Nicol.  But  if  this  plane  is  inclined  less  than  45°  to  that  of 
the  iDolarizer,  then  the  selenite  plate  in  a  complete  revolution  of  the 
analyzer  will  appear  four  times  brightly  colored  and  four  times  color- 
less. In  adjoining  quadrants  the  colors  will  be  complementary.  When 
the  Nicols  are  so  placed  as  to  produce  the  maximum  intensity  of  color, 
if  small  bi-refracting  crystals  be  introduced  at  random  into  the  field  of 
vision,  they  will,  in  general,  have  the  same  effect  on  the  plane  polar- 
ized ray  as  the  selenite  plate.  Since  the  axes  of  these  crystals  may 
have  any  accidental  i:)osition  with  reference  to  the  planes  of  the  Nicols, 
it  follows  that  the  field  of  vision,  which  before  appeared  of  a  uniform 
tint,  will  now  become  variegated,  the  color  disappearing  in  some  cases 
a,nd  becoming  more  intense  in  others. 

When  a  bi-refracting  crystal  is  cut  into  laminae  normal  to  its  axis, 
3f  appropriate  thickness,  it  gives  some  peculiar  phenomena  when  ex- 
amined with  polarized  light.  When  the  analyzer  is  perpendicular  to 
the  polarizer,  there  is  seen  in  the  ordinary  image  a  black  cross,  the  ex- 
istence of  which  can  be  exi^lained  by  the  mathematical  theory  of  polar- 
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izatioii.  TJie  arms  of  this  cross  are  parallel  and  perpendicular  to  the 
primitive  plane  of  polarization.  Between  the  arms  are  generally  to  be 
fiDund  rings  which  present  the  successive  tints  of  the  fringes  of  inter- 
ference. In  the  extraordinary  image  the  order  of  the  phenomenon  is 
entirely  reversed. 

Having  now  brieHy  described  the  more  imi^ortant  optical  phenome- 
non which  forms  the  basis  of  the  examination  of  butters  with  i)olarized 
light,  I  will  next  say  something  of  the  nature  of  the  substances  to  be 
examined. 

The  expressions  "fats  "  and  "oils  "  designate  those  natural  products 
of  animals  and  vegetables  known  as  glycerides.  Chemically  consid 
ered  they  are  the  normal  propenyl  ethers  of  the  fatty  acids,  or,  in  other 
words,  compounds  of  the  triad  alcohol,  glycerine,  with  the  fatty  acids. 
The  term  "fat"  is  applied  to  such  bodies  when  they  are  solid  at  ordi- 
nary temx)eratures,  and  "oil"  when  they  are  semi-solid  or  liquid.  Those 
which  are  most  important  are : 

Tri-stearin,  C3H5(0i8n33O2)3,  occurs  in  natural  fats.  It  may  be  ob- 
tained in  a  considerable  degree  of  purity  by  repeated  crystallizations 
from  ether.  It  crystallizes  in  plates  of  a  pearly  luster.  Its  melting 
point  is  550  C 

Tri-palmitin,  03Hr,(GiGn3]O2)3,  is  found  in  animal  fats  and  palm  oil. 
It  crystallizes  with  a  pearly  luster  from  ether.  The  crystals  have  a 
melting  point  of  from  50^  to  CG^  0. 

Tri-butyrin,  03115(0411702)3,  occurs  chiefly  in  butter.  At  ordinary 
temperature  it  is  liquid,  and  has  a  distinct  and  peculiar  odor  and  taste. 

Tri-olein,  03115(018113302)3,  occurs  in  animal  fats  and  in  almond  and 
olive  oil.  At  ordinary  temperatures  it  is  liquid,  is  neutral  to  test  pa- 
pers, and  has  neither  taste  nor  smell. 

Minute  quantities  of  tri-myristin,  caprin,  caprylin,  and  caproin  are 
also  found  in  butter. 

Pure  butter  fat  is  supposed  to  contain — 

Ptr  cent 

Tri-olcin,  about - 4-2.5 

Tri-stcariu,  about 51.  0 

Tri-butyrin,  aboufc ^^-  ■^ 

Other  glyccrideS;  about - 2 

100.  00 

Olive  oil  is  composed  chiefly  of  tri-palmitin  and  olein. 

Tri-stearin  is  the  chief  constituent  of  mutton  fat,  it  having  only  small 
quantiiies  of  olein  and  palmitin. 

Beef  fat  has  somewhat  more  palmitin  and  stearin  than  mutton  tallow. 
Lard  has  more  olein. 

It  is  thus  seen  that  in  dealing  with  butter  fats  and  their  substitutes  we 
have  to  consider  chiefly  triolein  ami  stearin,  and,  in  smaller  quantities, 
tri-palmitin,  butyrin,  &c.  It  follows,  therefore,  that  the  chief  differ- 
ences  in  the  several  substances  will  be  due  to  the  different  proportions 
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iu  which  these  glycerides  are  mixed  and  to  such  other  physical  differ- 
ences as  the  various  sources  of  the  substances  under  examination  would 
produce.  These  differences,  however,  prove  greater  when  subjected  to 
l)hysical  and  chemical  analysis  than  the  foregoing  resume  of  their 
chemical  constitution  would  indicate.  Advantage  has  been  taken  of 
these  differences  of  physical  structure  to  discriminate  between  fats  and 
oils  of  different  origins.  The  specific  gravity  and  the  melting  pohit 
furnish  two  valuable  points  of  discrimination,  but  both  of  these  are 
perhaps  inferior  in  value  to  the  evidence  afforded  by  the  crystalline 
structure  of  the  fats.  The  observation  with  the  microscope  of  the 
crystals  obtained  in  various  ways  furnishes  valuable  data  for  discrim- 
ination, and  if  the  light  employed  be  plane  iDolarized  or  elliptically 
polarized  by  a  selenite  phite,  these  data  become  still  more  valuable. 

Tlie  first  account  of  the  use  of  the  selenite  i)late  in  such  examinations 
was  given  by  Dr.  J.  Campbell  Brown  in  the  Chemical  Kews,  vol.  28, 
pages  1,  ct  seq.  lie  gives  the  following  directions  for  the  polaro-micro- 
scopic  Avork  : 

Exaiuino  several  portions  of  the  origiDal  sample  by  means  of  a  good  microscope, 
using  a  one-fonrtli  or  one-fifth  inch  object-glass.  In  bnttermade  from  milk  or  cream 
nothing  is  seen  except,  the  characteristic  globules,  and  the  granular  masses  of  curd 
and  the  cubical  crystals  of  salt.  The  hard  fats  of  butter  are  present  in  the  globules 
in  a  state  of  solution,  and  arc  nt>t  recognizable  in  a  separate  form. 

If  stearic  acid,  stearin,  or  palmitin  bo  i^resent  in  separate  form,  they  will  be  recog- 
uizable  by  simple  fusiform  crystals,  or  starlike  aggregations  of  acicular  crystals. 
They  indicate  the  presence  of  molted  fats. 

Other  substances,  such  as  starch  Hour,  palm  oil,  corpuscles,  Irish  moss,  coloring 
matter,  &c.,  may  also  be  distinguished  by  the  microscope  as  distinct  from  butter  or 
fats. 

Examine  the  same  portions  with  the  same  object-glass,  together  with  a  polariscope, 
consisting  of  two  Nicol's  prisms  and  a  selenite  plate.  The  crystals  referred  to  polarize 
light,  and  when  viewed  by  the  polariscope  are  distinctly  defined.  Particles  of  suet 
and  other  fats  which  have  not  been  melted  may  also  be  distinguished  by  their  action 
on  polarized  light,  by  their  amorphous  form,  and  by  their  membranes. 

The  value  of  this  deportment  of  fresh  butter  fat  with  elliptically  po- 
larized light  did  not  meet  with  the  appreciation  its  merits  deserved  un- 
til attention  was  again  called  to  it  by  Prof.  Thomas  Taylor,  of  the  De- 
partment of  Agriculture. 

Any  fat  or  oil  which  is  homogeneous  and  uon  crystalline  will  present 
the  same  phenomena  when  viewed  with  polarized  light  and  selenite 
l)late;  in  other  words  will  have  no  effect  on  the  appearance  of  the  field 
of  vision.  It  is  only,  therefore,  fats  which  are  in  a  crystalline  or  semi- 
crystalline  state  that  can  thus  be  distinguished  from  fresh,  amorphous 
butter.  ISiaturally  it  follows  that  a  butter  which  has  been  melted  and 
cooled,  or  butter  which  has  stood  a  long  time,  would  impart  a  mottled 
appearance  to  the  field  of  vision.  For  a  simple  prelimiuaiy  test,  how- 
ever, the  procedure  is  worthy  of  more  attention  than  its  discoverer,  Dr. 
J.  Campbell  Brown,  accorded  to  it. 
19330-~Ko.  13 3 
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FORMS  OF  FAT  CRYSTALS. 

TIjc  forms  of  fat  ciystals  dift'er  greatly  with  the  kiuds  of  fat  and  the 
proportious  in  wliicli  tbey  are  mixed.  It  would  be  idle  to  attemj)t  a 
description  of  all  these  modifications. 

Hqssou^  has  published  au  illustrated  description  of  some  of  the  more 
ihiportant  fat  crystals.  Suet  crystals,  according-  to  Husson,  are  very 
characteristic  of  stearin.  They  are  small,  rounded,  or  elliptical  masses 
formed  by  stiff,  needle-like  crystals,  and  resemble  a  sea  urchin  or  hedge 
hog. 

In  lard  are  seen  polyhedral  cells  arising  from  the  compression  of  the 
fatty  globules.  In  impure  lard  are  also  seen  the  remains  of  cells  and 
adipose  tissue.  Fresh  butter  shows  some  long  and  delicate  needles  of 
margarine  (?)  united  in  bundles  and  grouped  in  various  ways.  When 
the  butter  is  melted  these  needles  diminish  in  length  and  become  grouped 
round  a  central  point.  I  have  mentioned  these  descrii)tions  especially 
lor  the  purpose  of  calling  attention  to  the  fact,  that,  in  the  illustrations 
of  the  microscoi)ic  appearanccDf  butter  and  other  fats,  emphasis  is  often 
given  to  one  particular  phenomenon,  and  the  real  appearance  as  seen 
in  the  microscope  is  not  reproduced. 

The  only  reliable  representation  is  found  in  the  actual  photo-micro- 
graph or  it-,  exact  graphic  reproduction. 

When  the  crystals  of  certain  fats  are  prepared  in  a  special  way  they 
show,  with  polarized  light,  a  distinct  cross,  the  existence  of  which  is 
explained  by  the  laws  of  elliptical  polarization  already  mentioned. 

This  cross  was  first  described  by  Messrs.  Hehner  and  Angell  in  1874 
in  the  following  words  : 

If  sonic  of  a  fat  containing  crystals  be  x)laced  on  a  slide  and  a  drop  of  castor  or  olive 
oil  Ijc  applied  and  pressed  oat  with  a  thin  glass  cover,  the  depolarization  of  light  is 
inucli  eulianced ;  a  revolving  black  cross,  not  unlike  that  on  some  starch  grains,  is  seen 
in  great  perfection.  These  crosses  are  most  clearly  defined  in  the  crystals  obtained 
from  butter,  and  these  thus  mounted  form  a  brilliant  polariscopic  object. 

They  add  further : 

Thus  far  and  no  farther,  as  it  seems  to  us,  can  the  microscope  assist  us  in  this  mat. 
ler ;  but  even  such  indications  are  valuable,  especially  when  subsequent  analysis 
proves  the  sample  to  be  an  adulterated  article.  The  microscopic  evidence  in  such 
case  frequently  serves  to  clinch  together  the  whole  superstructnre,  and  thus  certainty 
is  made  doubly  snrc. 

Dr.  Thomas  Taylor  has  further  called  attention  to  this  phenomenon 
in  a  i)aper  read  before  the  American  Society  of  Microscopists  at  its 
Cleveland  meeting,  August,  1885.  On  page  3  of  the  reprint  of  this 
paper  he  says  : 

Since  tbe  publication  of  that  ])aper  1  have  experimented  largely  with  butter,  and 
have  made  the  discovery  that  when  it  is  boiled  and  cooled  slowly  for  a  period  of  from 
twelve  to  tweuty-fonr  hours  at  a  temperature  of  from  50^  to  70°  Fahr.  it  not  only  be- 
comes crystallized,  but,  with  proper  mounting  and  the  use  of  polarized  light,  it  ex- 

^Ann.  d.  Chem,  et  d.  Pharni.,  vol.  5,  pp.  12,  469. 
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liibits  oa  each  crystal  a  well-dcfiacd  figure  resembliug  wliat  is  kuown  as  the  cross  of 
Saiut  Andrew.  In  course  of  time,  the  period  ranging  from  a  few  days  to  a  few  weeks 
according  to  the  quality  of  the  butter  used  and  the  temperature  to  which  it  is  ex- 
posed, the  crystals,  which  at  first  are  globular,  degenerate,  giving  way  to  numerous 
rosette-like  forms  peculiar  to  butter. 

Ou  page  5  be  says : 

About  ten  j-ears  ago,  while  making  some  experiments  with  boiled  butter,  I  first  ob- 
served it  exhibited  small  crystals  somewhat  stellar  in  form,  but  gave  no  further  at- 
tention to  tbe  fact  until  May  last.  For  the  purpose  of  determining  the  real  form  of 
the  cryslal  of  boiled  butter  I  procured  a  sample  of  i^ure  dairy  butter  from  Ohio.  I 
boiled  it,  and  when  cold  examined  it  under  a  power  of  75  diameters.  To  my  surprise 
I  found  globular  bodies.  When  I  subjected  them  to  polarized  light  a  cross  consist- 
ing of  arms  of  equal  length  was  observed  on  each  crystal.  Ou  rotating  the  x)olarizer 
the  cross  of  each  crystal  rotated.  On  rotating  the  glass  on  which  tlie  specimen  of  butter 
was  mounted  the  crosses  remained  stationary,  thus  showing  that  the  appearance  of  the 
cross  depends,  probably,  on  the  fact  that  the  crystals  are  (i)  globular,  (2)  polarizing 
bodies,  ('})  translucent,  and  (4)  comparatively  smooth.  Were  they  opaque  or  non- 
polarized or  did  they  consist  of  long  spines,  causing  great  divergence  of  the  rays  of 
light,  no  image  of  the  cross  would  be  visible ;  showing  that  the  appearance  of  the 
cross  under  polarized  light  and  the  conditions  stated  is  not  duo  to  any  physical  struc- 
ture of  the  fatty  crystals  themselves.  But  from  whatever  cause  the  appearance  of 
tlie  cross  on  the  butter  crystals  arises,  its  constant  appearance  on  new  butter  under 
the  conditions  above  described  is  a  fact  beyond  any  question ;  and,  as  far  as  my  ex- 
perience goes,  the  better  the  quality  of  the  butter  the  more  clearly  defined  is  the 
cross;  it  is  black,  large,  and  well  defined.  When  these  crystals  are  under  polarized 
light  and  a  selenitc  plate  combined  they  exhibit  the  prismatic  colors,  but  the  cross 
proper  is  not  visible  in  this  case,  although  the  crystals  are  still  divided  into  four  equal 
parts  and  are  exceedingly  interesting  objects. 

Dr.  Taylor  having  thus  directed  the  atteutiou  of  scientists  to  these 
important  ])henomena,  it  has  not  taken  long  to  show  that  there  is  little 
reason  for  the  rather  mean  opinion  of  European  chemists  of  the  value 
of  the  microscope  in  detecting  adulterations  of  butter.  In  several  cases 
of  piosecution  before  the  District  authorities  the  offenders  have  been 
convicted  solely  on  the  microscopical  evidence  and  have  admitted  the 
justice  of  tbe  sentence.  If  only  fresh  butters  were  exposed  for  sale, 
and  all  adulterants  were  certainly  once  melted  and  slowly  cooled,  but 
lillle  more  than  this  qualitative  examiuation  would  be  necessary. 

Prof.  H.  A.  Weber,  of  Columbus,  Ohio,  has  made  some  interesting  ex- 
X)erimeuts  with  the  microscope  on  fats,  which  in  the  main  bear  out  the 
conclusions  of  Messrs.  Brown,  Hehner  and  Angell,  and  Taylor.  As  was 
to  be  expected,  however,  he  has  shown  that  the  appearance  of  the  cross 
on  a  crystal  of  natural  fat  does  not  show  that  it  is  derived  from  pure  but 
ter.  He  says,  in  Bulletin  Xo.  13  of  the  Ohio  Experimental  Station,  Ex- 
periments 7,  8,  9,  and  10 : 

Expcriment'i.-  -The  ditfcrence  between  the  behavior  of  the  tallow  fats  in  Experi- 
ment 3  and  the  asc  three  experiments  could  only  be  ascribed  to  a  difference  of  condi- 
tions. It  is  well  known  that  table  butter  normally  contains  4  ta  G  per  cent,  of  salt 
and  5  to  20  per  cent,  of  water.  These  ingredients  constitute  the  most  marked  dificr- 
euce  between  butter  and  the  rendered  animal  fats  as  tallow  and  lard.  In  order  to 
test  the  effect  of  this  mixture  upon  the  tallow  fats,  about  half  an  ouuce  of  the  oleo 
oil  used  in  Experiment  3  was  mixed  in  a  porcelain  mortar  with  a  small  quantity  of 
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salt,  aud  eight  or  teji  dro})s  of  water.  After  the  water  was  thoroughly  ineorporated, 
the  mass  was  transferred  to  a  test  tube  and  boiled  for  1  minute  as  in  the  ease  of  but- 
ter, it  was  then  poured  into  a  wooden  pill-box  and  allowed  to  cool  as  before.  The 
cooled iL' ass  presented  quite  a  marked  ditfereuco  in  appearance  from  that  obtained  from 
the  same  substance  in  Experiment  3.  It  retained  to  a  great  extent  the  yellow  color 
of  the  oleo  oi],  was  of  a  more  granular  nature,  and  in  fact  resembled  boiled  butter  in 
every  respect.  When  a  small  particle  was  stirred  up  with  olive  oil  ou  a  glass  slide  it 
separated  readily.  When  covered  and  viewed  with  a  i)ocket  lens  it  revealed  a  mass 
ot  globules  resembling  insect  eggs.  Under  the  microscope  these  globules  exhibited 
essentially  the  same  characteristics  as  those  obtained -from  butter  in  Experiment  1. 
The  crystalline  mass  of  the  oleo  globule  seemed  somewhat  coarser,  and  to  this  condi- 
tion was  ascribed  the  fact  that  the  cross,  as  well  as  the  colors  produced  by  the  selen- 
ito  plate,  were  less  sharply  defined  than  in  the  globules  obtained  from  butter.  The 
slides  x)repared  from  this  material  were  remarkably  free  from  the  small  detached  crys- 
tals of  fat  observed  in  Experiment  8. 

Experiment  8. — Having  thus  discovered  that  these  globular  masses  umy  be  obtained 
irom  pure  tallow  fat  by  simply  observing  the  conditions  which  obtain  in  butter  mak- 
ing, the  following  test  was  made  :  Nine  grams  of  oleo  oil  andl  gram  of  lard  were  placed 
in  a  small  beaker  glass  and  eight  or  ten  drops  of  a  saturated  solution  of  salt  in  water 
added.  The  mixture  was  then  gently  heated  to  melt  the  fats.  After  shaking  violently 
for  a  few  moments  to  mix  the  salt  solution  with  the  fats,  the  mixture  was  boiled 
gently  for  1  minute  and  then  allowed  to  cool  as  before  in  a  wooden  r)ill-box.  The 
microscopic  examination  of  this  preparation  revealed  globular  masses  which  could  in 
no  wise  be  distinguished  from  those  obtained  from  pure  butter.  The  crystalline  tex- 
ture was  dense,  the  cross  of  St.  Andrew's  plainly  marked,  and  the  colors  produced  by 
the  selenite  sharply  defined. 

ExperUneni  9. — A  mixture  of  one  part  of  lard  to  live  parts  of  oleo  oil  was  treated  as  i  n 
the  last  experiment  with  like  results. 

Experiment  10. — In  this  test  a  mixture  consisting  of  20  per  cent,  of  lard  and  80  per 
cent,  of  oleo  oil  was  employed.  Whether  the  consistency  of  this  mixture  was  peculi- 
arly adapted  to  the  formation  of  the  globules,  or  whether  possible  variations  of  condi- 
tions in  nuiuipulatiou  were  more  favorable,  the  writer  is  unable  to  judge  from  a  sin- 
gle experiment,  but  the  fact  is  that  in  this  case  the  individual  ^'butter  crystals'' 
were  exceedingly  large  and  characteristic. 

The  use  of  polarized  light  in  photo-micrography  is  also  valuable  in 
enabling  the  photographer  to  print  the  light-colored  crystals  on  a  dark 
background.  To  illustrate  some  of  the  forms  of  crystals  of  butter  and 
its  substitutes  as  they  appear  under  polarized  light  a  large  number  of 
microscoj^ic  samples  were  prepared  and  photographed  by  Messrs.  Eich- 
ards  and  Richardson.  Eesults  of  some  of  the  more  interesting  of  these 
photograi^hs  are  herewith  transmitted.  In  all  cases  the  figures  are 
magnified  40  diameters,  unless  otherwise  stated. 
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DESCRIPTION  OF  PLATES. 

Plate  I. 

Fig.    I. — Fresh  butter  boiled. 

Fig.  2. — Fresh  butter  made  iu  the  laboratory  without  the  use  of  salt,  melted,  hltered, 
and  boiled.  A  small  sample  of  the  butter  was  taken  and  boiled  for  one 
minute  in  a  test  tube  over  the  naked,  flame,  then  set  aside  and  allowed  to 
cool^  slowly  for  twenty-four  hours.  A  suitable  quantity  was  then  taken, 
sufiQcient  to  make  a  slide  for  the  microscope,  thinned  with  olive  oil,  and 
pressed  out  on  the  cover. 

Plate  II. 

Fig.  3. — Fresh  Viro-lnia  butter  boiled  and  let  stand  for  seven  days.  Specimen  pre- 
pared by  Dr.  T.  Taylor,  March  11,  1886. 

Fig.  4. — Fresh  Virginia  butter  boiled.  Specimen  prepared  by  Dr.  T.  Taylor  March 
11,  1886. 

Plate  III. 

Fig.    5. — Fresh  Kentucky  butter  boiled.     Specimen  prepared  by  Dr.  T.  Taylor  March 

11,  1886. 
Fig.    6. — Fresh  butter  boiled.     Specimen  prepared  by  Dr.  T.  Taylor  March  1.5,  1886. 

Plate  IV. 

Fig.    7. — Filtered  butter  fat  dissolved  in  boiling  alcohol  and  allowed  to  cool  slowly. 

Fig.  8. — Filtered  butter  fat  dissolved  in  boiling  ether  and  allowed  to  cool  slowly. 
The  fresh  butter  was  melted  and  liltered  through  a  jacketed  filter,  iLns 
getting  rid  of  the  water,  curd,  and  salt ;  al  lowed  to  cool  and  prepared  as 
above. 

Plate  V. 

Fig.  9. — Beef  suet  fat.  Not  boiled.  The  suet  ftit  was  cut  u\)  into  line  pieces  and 
melted  in  the  water  bathat  a  low  heat  and  filtered ;  allowed  to  cool  slowly. 
Specimen  was  taken  several  days  after  the  sample  was  prepared. 

Fig.  10. — Beef  suet  fat  boiled  with  the  addition  of  salt  and  cooled  slowly. 

Plate  VI. 

Fig.  11. — Beef  suet  fat,  "oleo  oil,"  dissolved  in  boiling  other  "and    allowed  to  cool 

slowly. 
Fig.  12. — Beef  suet  fat,  •'  oleo  oil,"  dissolved    in  boiling  alcohol  and  allowed  to  cool 

slowly. 

Plate  VII. 

Fig.  13. — Leaf  lard.     Not  boiled.     Specimen  taken  direct  from  can  as  purchased  in 

the  open  market.     Magnified  160  diameters. 
Fig.  14, — Lard  dissolved  in  boiling  ether  and  allowed  to  cool  slowly. 

Plate  VIII. 

Fig.  15. — Beef  fat,  ''  oleo  oil,"  and  lard,  ''neutral,"  boiled  with  salt  and  water  and 

allowed  to  cool  slowly. 
Fig.  16. — Butterine,  from  Armour  «fe  Co.,  Chicago.  Boiled  and  allowed  to  cool  slowly. 
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Plate  IX. 

Fig.  17. — Butteriuc,  from  Armour  &  Co.,  Chicago.     Not  boiled.     Spocimcu  takeu  di- 
rect from  tub  as  received  July,  1886.     Maguified  160  diameters. 
Fig.  18, — Butterine,  from  Armour  &  Co.,  Chicago.     Melted,  filtered,  aud  boiled. 

Plate  X. 

Fig.  19. — Butterine,  from  Armour  &  Co.,  Chicago.  Dissolved  in  boiling  ethei-  an<l 
allowed  to  cool  slowly. 

Fig.  20. — Oleo  oil,  irom  Armour  &  Co.,  Chicago.  Melted,  filtered,  and  boiled.  Al- 
lowed to  stand  four  days  under  cover  glass. 

Plate  XI. 

Fig.  21. — Oleouiargarinc,  from  Armour  &  Co.,  Chicago.  Not  boiled.  Specimen  taken 
direct  from  tub  as  received  July,  1886.     Magnified  160  diameters. 

Fig.  22.— Oleomargarine,  from  Armour  &  Co.,  Chicago.  Boiled  with  salt  and  watei 
and  allowed  to  cool  slowly. 

Plate  XII. 
Fig.  23.— Same  as  Fig.  22. 
Fig.  24.— Same  as  Fig.  22. 
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A  careful  study  of  these  illustrations  will  show  that  the  microscope 
and  polarized  light  are  most  valuable  aud  reasonably  certain  means 
whereby  a  qualitative  examination  of  butters  can  be  made.  The  ap- 
proximate amount  of  added  fat  can  only  be  determined  by  a  chemical 
analysis  of  the  suspected  sample,  taken  in  connection  with  some  of  its 
further  physical  characteristics. 

T  have  given  above  all  the  really  valuable  points  heretofore  estab- 
lished in  respect  of  the  use  of  polarized  light  in  butter  and  fat  analyses.^ 

The  use  of  the  microscope  in  butter  examinations  has  not  commanded 
as  much  attention  among  analysts  as  its  merits  deserve.     Sell  says :  ^ 

Though  investigations  have  shown  that  the  differences  iu  structure  under  the  mi- 
croscope are  not  iu  all  cases  sufficiently  characteristic  to  determine  a  sharp  distinc- 
tion between  two  different  fats,  yet  it  must  he  admitted  that  the  microscox)ic  exami- 
nation is  able  to  prove  the  i^resence  of  foreign  fats  at  the  moment  it  succeeds  iu  es- 
tablishing the  presence  of  molecular  tissues  iu  auimal  or  vegetable  parasites. 

Leudtner  and  Hilger  say  : " 

The  use  of  the  microscope  in  the  examination  of  fats  requires  a  still  further  devel- 
opment before  it  can  become  generally  applicable. 

Having  written  to  the  editor  of  the  Analyst  for  some  information  on 
the  subject  of  the  use  of  the  microscopic  methods  m  England,  he  re- 
plied: ''The  whole  subject  has  been  studied  over  and  there  is  nothing 
in  it." 

Dr.  S.  M.  Babcock,  chemist  of  the  Kew  York  Experimental  Station, 
says :  "^ 

At  the  time  these  butters  were  received  there  was  considerable  controversy  regard- 
iug  the  efficiency  of  Dr.  Tajdor's  method  for  the  detection  of  adulterations  ia  butter 
by  means  of  the  microscope.  An  excellent  opportunity  Avas  offered  in  these  samples 
for  testing  this  method  in  an  impartial  manner,  and  a  microscopical  examiuatiou 
of  them  was  made  before  the  nature  of  the  butters  was  revealed  by  other  tests. 
The  butters  were  examined  directly  with  polarized  light  and  a  selenite  i)late,  aud 
afterwards  the  crystals  from  the  melted  butters  w^ere  examined  in  the  same  way  for 
the  "  Saint  Andrew's  cross." 

The  direct  examination  with  iiolarized  light  and  a  selenite  plate  showed  prismatic 
colors  in  all  of  the  adulterated  butters,  .and  a  uniform  tint  in  all  of  the  geniiiuo  but- 
ters, except  No.  2,  which  appeared  very  much  like  the  adulterated  samples.  The 
crystals  from  all  of  the  butters,  adulterated  as  well  as  genuine,  gave  a  well-defined 
Saint  Andrew's  cross  with  i)olarized  light.  This  was  also  the  case  with  neutral  lard 
(No.  14),  in  which  the  cross  was  sharply  defined,  though  quite  small.  No.  15  consisted 
of  stearinc  from  the  olco-oil  factories,  and  showed  no  cross  wheu  examined  by  itself, 
but  when  combined  with  a  small  quantity  of  butter  fat  the  crystals  formed  had  the 
same  appearance  as  those  from  pure  butter. 

The  method  has  also  been  quite  unsatisfactory  iu  trials  made  at  the  station  with 
butlers  whose  character  was  known.  Whether  these  results  were  dae  to  a  lack  of 
skill  or  to  imperfect  knowledge  in  the  details  of  the  work  I  do  not  know.     The 

•  Notices  of  minor  importance  on  the  same  subject  can  be  fouud  in  Chem.  News, 
vol.  4,  pp.  230,  283,  309,322;  Zeit.  Anal.  Chem.,  1872,  p.  334;  Journ.  Royal  Microscop- 
ical Society,  1878,  ]i.  378 ;  American  Quarterly  Microscopical  Journal,  1878,  j).  294  ; 
American  Journal  of  Microscopy,  October,  1878;  Bied.  Centralblatt,  1879,  pp.  861-865; 
1882,  p.  345;  1882,  p.  49;  Amer.  Chemist,  vol.  2,  p.  428. 

'^Op.  cit,  p.  503. 

^  Ver.  Bay.  Vortreter  d.  Angewand.  Chem,,  p,  222. 

< Fifth  Ann.  Rept.  Bd.  Control  .V.  Y.  Exp.  Sta.,  pp.  330,  331. 
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uncertain  results  of  some  skilled  iiiicroscopists,  however,  would  indicate  that  tlic 
difficulty  is  inherent  in  the  method.  It  certainly  is  not  simple,  and  is  not  calculated 
to  supersede  the  chemical  methods  now  in  use. 

Oaldwel  V  ^^ifter  references  to  the  notices  of  the  use  of  the  microscope 
ill  tlie  exnmination  of  butter  published  up  to  that  time  (1882),  says, 
p.  519: 

It  is  plain,  therefore,  that  little  dependence  can  be  placed  on  any  microscopic  test 
of  the  genuineness  of  butter,  at  least  so  far  as  the  observation  of  the  crystalline  forms 
ot  foreign  fats  is  concerned,  for  neither  does  the  absence  of  such  forms  prove  that  the 
butter  does  not  contain  oleomargarine,  nor  does  their  presence  prove  the  adulteration. 

iln  the  other  hand,  Mylius^  has  sliown  that  the  polarization  micro- 
scope may  be  used  for  the  detection  of  minute  quantities  of  foreign  fats 
in  butter.  Pure  butter  gives  with  crossed  Nicols  a  dark  field,  whereas 
crystals  of  foreign  fat  will  appear  bright.  Skalweit  ^  recommends  this 
method  highly,  and  affirms  that  even  the  kind  of  foreign  fat  present  may 
be  determined. 

In  spite  of  the  generally  unfavorable  opinions  I  feel  sure  that  the 
chemist  who  neglects  to  make  a  simple  microscopic  examination  of  a 
suspected  butter  with  polarized  light  and  a  selenite  plate  loses  a  valua- 
ble qualitative  indication  of  the  character  of  the  samples  with  which  he 
has  to  work.  The  melting  of  the  sami)le  of  butter  and  its  slow  cooling 
to  secure  good  bi-refracting  crystals  I  consider  a  much  less  valuable 
indication  than  the  simple  observations  above  described. 

SPECIFIC  GRAVITY. 

The  determination  of  the  specific  gravity  of  a  batter  fat  gives  a  most 
valuable  indication  of  its  purity.  The  density  of  pure  butter  glycerides 
is  distinctly  greater  than  that  of  the  common  adulterants,  with  the  ex- 
ception of  cottonseed  oil.  While  this  difference  is  not  great,  it  is 
nevertheless  large  enough  to  be  easily  detected  by  careful  manipulation. 

Manijmlation. — The  relative  weight  of  the  hltered  and  dried  fat  is  to 
be  determined  in  a  picuometer.  This  llask  should  be  carefully  cali- 
brated by  weighing  the  pure  distilled  water  it  will  contain  at  the  tem- 
l)eraturc  at  which  the  subsequent  determinations  are  to  be  made.  The 
llask  should  be  provided  with  a  delicate  thermometer,  but  this  is  not 
essential,  since  the  temperature  can  be  determined  by  an  external  ther- 
mometer. 

The  temperature  at  which  the  determinations  should  be  made  is  evi- 
<lently  that  at  which  all  the  common  butter  adulterants  will  be  in  a 
perfectly  fluid  state.  Generally  the  temperature  of  lOOo  F.  has  been 
employed.  Since,  however,  "neutral  lard"  may  have  a  melting  point 
as  high  as  40^  0.  or  even  a  little  above  that  I  have  uniformly  taken  the 
specific  gravity  at  that  degree.  In  case  the  fat  should  have  a  melting 
point  a  little  above  this  the  temperature  can  be  raised  until  the  fat  is 


1  Second  Ann.  Rept.  N.  Y.  S.  Bd.  of  Health. 

'^  Correspondensblatt  des  Vereins  Anal.  Chem.,  1878,  No.  3. 

3  Ihid.,  1879,  Nos.  5  and  13. 
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fluid  and  can  then  be  reduced  to  40^  C,  without  danger  of  solidifica- 
tion. The  difference  between  the  specific  gravities  expressed  at  37°  0. 
and  40^  G.  is  not  of  very  great  magnitude. 

Blyth^  recommends  the  use  of  a  picnometcr  of  50  to  100  grams  ca- 
pacity, with  a  thermometer  stopper.  This  is  filled  with  water  at  35°  C. 
and  placed  in  a  beaker  of  water  at  43^  0.  When  the  water  has  reached 
a  temperature  of  37o.7  0.  the  flask  is  removed  and  weighed. 

The  fat  whose  density  is  to  be  determ  ined  is  treated  in  the  same 
manner  and  weighed  at  the  same  temperature. 

Wigner'^  places  the  butter-'fat  in  a  wide  tube  where  a  bubble  of  the 
specific  gravity  of  .89(3  is  kept  below  the  surface  bj-  the  bulb  of  the 
thermometer.  At  a  certain  temperature  the  bubbles  will  slowly  sink  to 
the  bottom.  In  butters  of  .911  density,  above  which  a  sample  may  be 
passed  as  pure,  these  beads  will  sink  as  follows  : 

Specific  gravity  of  beads 883  .8890 

Temperature 02°.  7  C.     55o.  5  C. 

If  the  beads  sink  at  any  temperature  lower  than  these  the  butter 
will  need  further  examination. 

Estcourt  ^  describes  a  method  of  taking  specific  gravity  of  fats  as 
follows : 

The  bulb  of  a  Westphal  balance  is  suspended  in  a  test-tube  contain- 
ing the  fat,  the  test-tube  being  immersed  in  paraffin,  in  a  water  bath. 
The  adjustment  of  the  weights  takes  place  at  a  temperature  of  92^.2  C. 
This  process  has  been  modified  by  Konig.^ 

In  Konig's  process  there  are  several  water  baths  which  are  closed 
with  the  excej)tion  of  a  tube  for  carrying  off  the  steam.  In  the  cover 
of  each  bath  are  four  openings  for  the  reception  of  four  test-tubes  1^ 
inches  in  diameter  and  8  to  9  inches  long.  These  are  fastened  air-tight 
into  the  openings  mentioned.  Each  tube  stands  one-half  inch  above 
the  cover  of  the  water  bath.  Each  piece  of  apparatus  when  in  use 
contains  in  one  of  the  tubes  a  sample  of  pure  butter  and  in  the  others  the 
samples  under  examination. 

The  specific  gravity  is  determined  by  smnll  areometers  G  inches  long 
and  with  a  scale  marked  from  .845  to  .870.  The  numbers  obtained  at 
lOOo  C.  were  as  follows  :  Pure  butter,  .807  5  artificial  butter,  .859 ;  beef 
fat,  .860 ;  mutton  fat,  .860  5  lard,  .861 ;  horse  fat,  .861.  Mixture  of  pure 
butter  with  other  fats  gave  numbers  between  .859  and  .865. 

The  process  of  Konig  has  been  tested  by  the  Board  of  Health  at  Berlin 
and  found  relatively  useful.^  The  method  has  also  been  approved  by 
Eisner  j*^  by  Ambuhl  and  Dietzsch; '  and  Meyer." 

'  Foods,  p.  295. 

2Blytli,  oj;.  ci^,  p.  295. 

•^Cliem.  News,  vol.  34,  j).  254. 

^  Indnstriebliitter,  1879,  p.  455. 

^Sell,  oj).  cit,j).  505. 

•5 Die  Praxis  des  Nalirungsmittelcliemikers,  2d  ed.,  p.  50. 

7Eep.  d.  Ver.  Anal.  Cheiii.,  1884,  p.  359. 

8Zeit.  Anal.  Chem.,  1881,  p.  376. 
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Jones  ^  calls  attention  to  the  fact  that  the  specific  gravity  of  butter 
increases  with  age. 

The  specific  gravities  of  several  samples  are  compared  in  the  following 
table,  the  numbers  in  second  column  being  obtained  after  eighteen 
months  : 

Sjiecijic  gravity  at  37.7  C. 


Sample. 

1. 

2. 

1        

.9123 
.9105 
.9119 
.9112 
.9125 
.9133 

.9083 
.9114 
.9185 
.  91G5 
.9155 
.9132 

2 

3 

4.. 

G  . 

In  other  samples  there  was  a  decrease  in  specific  gravity.  In  five 
samples  out  of  nine  there  was  an  increase  and  the  percentage  of  soluble 
acids  had  also  increased. 

Since  butters  in  general  are  obtained  for  analysis  without  having 
been  long  kept  the  observation  of  Jones  does  not  have  much  practical 
importance. 

Sendtuer  and  Hilger-  find  that  a  filtered  pure  butter  fat  does  not 
show  a  specific  gravity  less  than  .860  at  100^  0.     In  the  Erlangeu  Uni 
versity  numerous  experiments  with  twenty  different  samx)les  of  butter 
showed  variations  from  .860  to  .8085. 

Allen ^  recommends  Sprengel's  tube  for  the  determination  of  specific 
gravity  of  oils  at  the  temperature  of  boiling  water. 

The  weight  of  the  Sprengel  tube  and  that  of  water  contaiDed  iii  it  at  15°. 5  C.  hiing 
knowu,  the  tube  should  be  coiiiijletely  filled  with  the  oil  by  immersing  one  of  the 
orifices  in  the  liquid  and  gently  sucking  the  air  from  the  other  orifice  of  the  tube. 
The  tube  is  then  placed  in  the  mouth  of  a  conical  flask  containing  water  kept  in  a 
rapid  ebullition,  and  the  cover  of  a  porcelain  crucible  placed  over  it.  As  the  oil  gels 
hot  it  expands  and  is  expelled  in  drops  from  the  horizontal  capillary  orifice  of  the 
tubes.  When  the  expansion  ceases  anj^  oil  adhering  to  the  orifice  is  removed  by 
cautious  application  of  filter  paper,  the  tube  removed  from  the  bath,  wiped  dry,  al- 
lowed to  cool,  and  weighed.  The  weight  of  the  contents  divided  by  the  weight  ol 
water  at  15°. 5  C.  previously  known  to  be  contained  by  the  tube  will  give  the  density 
of  the  oil  at  the  temperature  of  the  boiling  water";  water  at  15°. 5  C.  being  taken  as 
unity. 

Bendikf^  prefers  the  Sprengel  tube  to  all  the  other  methods  of  esti- 
mating the  specific  gravity  of  oils.  He  also  recommends  the  Westphal 
balance  as  used  by  Bell  and  Walkenhaar. 

'  Analyst,  1879,  p.  39. 

"  Vereinbarungen  betreffs  d.  Uutcrsuch.  u.  Beurteilung  v.  Nahrungs-Genussmitteln, 
pp.  221-2. 

3  Com.  Organic  Analysis,  Vol.  2,  2d  ed..p.  15. 
■•Analyse  der  Fette,  &c.,  p.  53. 
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Dr.  Muter  1  gives  the  following  table  of  the  specific  gravity  of  various 
oils  at  370.7  C. 


Kiud  of  oil. 


Specific 
gravitj-. 


Oliveoll 907.0 

Almond  oil 905.  G 

Arachis  oil 908.5 

Kapooil 906.7 

Nutoil I  908.4 

Cotton-seed  oil  (bro ivn) 917.  G 

Cotton-seed  oil  (refined) .1  913.  6 

Poppy-seed  oil '  915.4 

Hempseedoil !  919.3 

Linseed  oil  (raw) ,  't)25. 2 


Kind  of  oil. 


Linseed  oil  (boiled) 

Castor  oil 

Sperm  oil 

Whale  oil 

Seal  oil 

Codlivoroil 

Lard  oil 

!Neat"s-f6ot  oil 

Butterine. 

Butter-fat 


Specific 
gravity. 


938.0 
955.8 
872.4 
906.0 
915.0 
917.9 
907.8 
907.0 
903  to  906.  0 
912  to  914.  0 


METHOD  EMPLOYED  IN  CHEMICAL  DIVISION. 

When  convenient  the  determination  of  specific  gravity  is  not  made 
until  a  number  of  samples  is  on  hand.  Each  determination  is  made  in 
duplicate.  The  picnometers,  holding  about  25  grams,  are  filled  with  the 
filtered  fat,  at  as  low  a  temperature  as  possible,  and  placed  in  a  flat  dish 
filled  with  water  as  nearl}^  to  the  tops  of  the  flasks  as  possible.  The 
picnometers  used  should  all  be  of  the  same  height.  The  stopper  has 
a  capilhiry  perforation  for  the  escape  of  the  oil  as  the  temperature  rises. 
If  the  picnometers  are  not  furnished  with  thermometers  of  their  own,  a 
delicate  thermometer  is  suspended  in  the  water  surrounding  them.  The 
water-bath  is  slowly  warmed  and  gently  but  constantly  stirred  until  the 
temperature  reaches  40°  0.  It  is  kept  at  this  temperature  for  fifteen  or 
twenty  minutes,  until  the  fat  has  taken  on  the  same  temperature  as  the 
water.  The  picnometers  are  then  carefully  cleaned  and  dried,  and,  after 
cooling  to  the  temperature  of  the  balance-room^  are  weighed.  This 
method  is  somewhat  tedious  when  only  one  determination  is  to  be  made, 
but  where  many  samples  are  to  be  examined  it  is  sufficiently  speedy. 
In  respect  of  accuracy  it  leaves  nothing  to  be  desired. 

TEMPERATURE  AT  WHICH  SPECIFIC  GRAVITY  IS  STATED. 

Different  analysts  select  different  temperatures  for  determining  spe- 
cific gravity.  It  would  be  well  to  have  some  agreement  on  this  point 
to  avoid  confusion. 

Since  the  specific  gravity  determined  at  any  temi^erature  can  be  easily 
calculated  for  any  other  given  temperature,  I  suggest  that  it  might  be 
well  to  express  all  specific  gravities  in  terms  of  water  at  4°  0. 

THE  MELTING  POINT  OF  FATS. 

The  fats  pass  rather  slowly  from  the  semi-solid  state,  which  is  their 
natural  condition  at  ordinary  temperatures,  to  complete  fluidity.  It  is, 
therefore,  difficult  to  determine  accurately  the  exact  temperature  at 
which  they  melt. 


'  Alleu,  op.  cit,,  p.  15,  foot-note. 
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The  value  of  the  melting  x)oiiit  lu  the  examination  of  fats  is  at  once 
apparent,  provided  it  is  itossible  to  be  assured  that  it  represents  a 
definite  temperature  which  can  be  easily  and  accurately  determined. 

At  a  temperature  of  40^  C.  pure  butter  fat  has  a  specific  gravity  of  .912, 
while  the  substitutes  therefor,  viz,  lard,  tallow,  oleo-oil,  neutral  lard, 
&c.,  have  specific  ^Tavities  varying  from  .900  to  .905.  Yet  even  these 
small  dilierences  are  extremely  valuable  in  distinguishing  the  fats  from 
each  other. 

The  differences  in  melting  points,  when  they  can  be  accurately  deter- 
mined, will  also  i)rove  helpful  to  the  analyst.  The  usual  methods  em- 
ployed to  determine  melting  points  have  been  based  on  the  assumption 
that  a  fat  becomes  transparent  at  the  moment  it  assumes  the  liquid 
state.  Usually  the  fat  is  melted  and  placed  in  glass  capillary  tubes,  and, 
after  cooling,  put  into  water  near  the  bulb  of  a  thermometer.  The  water 
is  slowly  warmed,  and  the  moment  the  fat  in  the  tube  becomes  transpar- 
ent the  reading  of  the  thermometer  is  taken.  A  careful  observer  is  able 
in  this  way  to  make  multiple  determinations  which  agree  well  together, 
but  the  readings  of  different  persons  are  apt  to  vary  greatly.  Moreover, 
it  is  not  the  melting  but  the  transparent  point  that  is  determined. 

In  1SS3,  at  the  Minneapolis  meeting  of  the  Association  for  the  Ad- 
vancement of  Science,  I  described  a  method  of  determining  the  flowing 
point  of  a  fat.  The  melted  fat  having  been  put  into  a  small  bent  me- 
tallic tube,  was,  after  cooling,  placed  in  a  bath  of  mercury.  One  arm 
of  this  U-tubo  was  sliglitly  longer  than  the  other.  The  bent  tube  was 
immersed  in  the  mercury  until  the  longer  arm  was  just  below  the  sur. 
face.  The  fat  in  the  tube  was,  therefore,  subjected  to  a  certain  definite 
pressure  from  the  mercury,  due  to  the  difference  in  length  of  the  two 
arms.  When  the  melted  fat  first  appeared  on  the  surface  of  the  mer- 
cury, the  thermometric  reading  was  made.  It  is  scarcely  necessary  to 
add  that  the  bulb  of  the  thermometer  was  wholly  immersed  in  the  mer- 
cury.    Fairly  good  results  were  obtained  by  this  method. 

Another  method,  which  gave  rather  good  results,  I  tried  at  the  same 
time.  A  thin  film  of  fat  was  spread  over  the  surface  of  the  mercury 
and  the  temperature  noted  at  which  a  platinum  wire  drawn  through  it 
left  no  trace.  The  solidifying  point  was  determined  in  the  same  op- 
eration by  observing  where  the  wire  left  a  mark.  Various  methods  for 
determining  the  melting  point  of  fats  are  given  by  Keichert.^  The 
method  preferred  by  him  is  a  modification  of  Guichard's  process,^  in 
which  the  fat  is  forced  out  of  the  tube  by  a  water  pressure  of  a  constant 
magnitude. 

Dr.  H.  Kriiss-' describes  an  apparatus  for  estimating  the  melting 
point  by  the  completion  of  an  electric  circuit  dependent  on  the  melting 
of  the  fat  used  as  an  insulating  material.    A  platinum  wire,  bent  into  the 

1  Zeit.  Anal.  Chem.,  18S5,  pp.  11  et  seq. 
^Ihid.,  18S3,  p.  70. 
5 Zeit.  f.  Instrnmeutenkunde,  vol.  4,  pp.  32,  33. 
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form  of  11  small  hook,  i.s  dipped  into  the  melted  fat,  a  portion  of  which 
adheres  to  it.  This  process  is  rei><eated  until  a  sufficient  insuLition  is  pro- 
duced. The  fat  covered  end  of  the  wire  is  then  dipped  into  a  mercury 
cup,  which  contains  also  the  bulb  of  the  thermometer.  The  cup  is  placed 
in  the  electric  circuit  and  the  moment  of  contact  is  determined  by  the 
ringing  of  an  electric  bell.  Thorough  trial  of  this  method  convinced  me 
that  it  was  less  accurate  than  auy  of  those  which  have  already  been 
mentioned. 

Kealizin.i?  the  importance  of  determining  some  definite  point  at  which 
fats  would  assume  a  constant  condition  under  the  influence  of  tempera- 
ture, I  was  led  to  select  another  x^hysical  aspect  of  fats,  easily  and  cer- 
tainly visible,  which  could  be  regarded  as  the  melting  point.  This  con- 
dition may  be  defined  as  the  point  at  which  the  molecular  attraction  of 
the  fat  becomes  greater  than  the  molecular  cohesion. 

If  a  thin  film  of  any  fat  be  suspended  in  a  liquid  of  equal  specific 
gravity  with  it  and  this  liquid  be  slowly  warmed,  a  point  will  be  reached 
at  which  the  film  will  roll  up  and  finally  assume  the  form  of  a  sphere. 
By  imparting  to  the  globule  a  gentle  motion  of  rotation  the  observer  is 
easily  able  to  distinguish  the  moment  when  it  becomes  sensibly  sym- 
metrical. I  use  the  following  method  and  apparatus  for  applying  this 
principle  to  the  determination  of  the  melting  points  of  fats.^  The  ap 
paratus  consists  of  (1)  an  accurate  thermometer  for  reading  easily  tenths 
of  a  degree;  (2)  a  less  accurate  thermometer  for  measuring  the  tem- 
perature of  water  in  the  large  beaker  glass  j  (3)  a  tall  beaker  glass, 
35cm.  high  and  10cm.  in  diameter ;  (4)  a  test  tube  30cm.  high  and  3.5cm. 
in  diameter;  (5)  a  stand  for  supporting  the  apparatus;  (6)  some  method 
of  stirring  the  water  in  the  beaker.  I  use  a  blowing  bulb  of  rubber  and 
a  bent  glass  tube  extending  to  near  the  bottom  of  the  beaker ;  (7)  a 
mixture  of  alcohol  and  water  of  the  same  specific  gravity  as  the  fat  to 
be  examined. 

Manipulation. — The  disks  of  the  fat  are  prepared  as  follows :  The 
melted  and  filtered  fat  is  allowed  to  fall  from  a  droi:)ping  tube  from  a 
height  of  15  to  20cm.  onto  a  smooth  piece  of  ice  floating  in  water.  The 
disks  thus  formed  are  from  1  to  IJcm.  in  diameter  and  weigh  about  200 
milligrams.  By  pressing  the  ice  under  the  water  the  disks  are  made 
to  float  on  the  surface,  whence  tho.y  are  easilj^  removed  with  a  steel 
spatula. 

The  mixture  of  alcohol  and  water  is  prepared  by  boiling  distilled 
water  and  05  per  cent,  alcohol  for  ten  minutes  to  remove  the  gases 
which  they  may  hold  in  solution.  While  still  hot  the  water  is  poured 
into  the  test-tube  already  described  until  it  is  nearly  half  full.  The  test 
tube  is  then  filled  with  the  hot  alcohol.  It  should  be  poured  in  gently 
down  the  side  of  the  inclined  tube  to  avoid  too  much  mixing.  If  the 
tube  is  not  filled  until  the  water  has  cooled  the  mixture  will  contain  so 
many  air  bubbles  as  to  be  unfit  for  use.  These  bubbles  will  gather  on 
1  Journal  ADal.  Chemistry,  vol.  1,  No.  1,  pp.  39  et  seq. 
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the  disk  of  fat  as  the  temperature  rises  and  finally  force  it  to  tlie  top 
of  the  mixture. 

The  test  tube  containiug  the  alcoliol  and  water  is  placed  in  a  vessel 
containing  cold  water,  and  the  whole  cooled  to  below  lOo  C.  The  disk 
of  fat  is  dropped  into  the  tube  from  the  spatula,  and  at  once  sinks  until 
it  reaches  a  part  of  the  tu  be  where  the  deusity  of  the  alcohol-water  is 
exactly  equivalent  to  its  own.  Here  it  remains  at  rest  and  free  from 
the  action  of  any  force  save  that  inherent  in  its  own  molecules. 

The  delicate  thermometer  is  placed  in  the  test  tube  and  lowered  until 
the  bulb  is  just  above  the  disk.  In  order  to  secure  an  even  tempera- 
ture in  all  parts  of  the  alcohol  mixture  in  the  vicinity  of  the  disk  the 
thermometer  is  moved  from  time  to  time  in  a  circularly',  pendulous 
manner.  A  tube  prepared  in  this  way  will  be  suitable  for  use  for  sev- 
eral days,  in  fact,  until  the  air  bubbles  begin  to  attach  themselves  to  the 
disk  of  fat.  In  no  case  did  the  two  liquids  become  so  thoroughly  mixed 
as  to  lose  the  property  of  holding  the  disk  at  a  fixed  point,  even  when 
they  were  kept  for  several  weeks. 

In  i)ractice,  owing  to  the  absorption  of  air,  I  have  found  it  necessary 
to  prepare  new  solutions  every  third  or  fourth  day. 

The  disk  having  been  placed  in  i)osition,  the  water  in  the  beaker  glass 
is  slowly  heated  and  kept  constantly  stirred  by  means  of  the  blowing 
apparatus  already  described. 

When  the  temperature  of  the  alcohol-water  mixture  rises  to  about  G 
degrees  below  the  melting  point,  the  disk  of  fat  begins  to  shrivel,  and 
gradually  rolls  up  into  an  irregular  mass. 

The  thermometer  is  now  lowered  until  the  fat  i^article  is  even  with 
the  center  of  the  bulb.  The  bulb  of  the  thermometer  should  be  small, 
so  as  to  indicate  only  the  temperature  of  the  mixture  near  the  fat.  A 
gentle  rotarj^  movement  should  be  given  to  the  thermometer  bulb,  and 
I  have  thought  it  would  be  convenient  to  do  this  with  a  kind  of  clock- 
work, although  I  have  not  carried  this  idea  into  execution.  The  rise  of 
temperature  should  be  so  regulated  that  the  last  2  degrees  of  increment 
require  about  ten  minutes.  The  mass  of  fat  gradually  approaches  the 
form  of  a  sphere,  and  when  it  is  sensibly  so  the  reading  of  the  ther- 
mometer is  to  be  made.  As  soon  as  the  temperature  is  taken,  the  test 
tube  is  removed  from  the  bath  and  placed  again  in  the  cooler.  A  sec- 
ond tube,  containing  alcohol  and  water,  is  at  once  placed  in  the  bath. 
It  is  not  necessary  to  cool  the  water  in  the  bath.  The  test  tube  (I  ubc 
ice  water  as  a  cooler)  is  of  low  enough  temperature  to  cool  the  bath 
sufficiently.  After  the  first  determination,  'which  should  be  only  a 
trial,  the  temperature  of  the  bath  should  be  so  regulated  as  to  reach  a 
maximum  about  1^.5  above  the  melting  point  of  the  fat  under  exam- 
ination. 

Working  thus  with  two  tubes  about  three  determinations  can  be  made 
in  an  hour. 
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After  the  test  tube  has  beeu  cooled  the  globule  of  fat  is  removed  with 
a  small  spoou  attached  to  a  wire  before  another  disk  of  fat  is  ])ut  iu. 

Agreement  of  multiple  determinalions. 

FILTEKED   BUTTER   FAT. 

Decrees  C. 

No.  1,  by  ouc  observer 33.  5 

No.  2,  by  another 33.  5 

No.  3,  by  ii  third 33.1) 

-No.  4,  by  a  third 32.4 

No.  5,  by  a  third 34.4 

A  second  set  of  observations  made  with  the  same  butter  gave — 

Degrees  C. 

No.  1    33.7 

No.  2 , 33.8 

No.  3 33.5 

No.  4 33.5 

A  diflereut  butter  gave  the  following  numbers  : 

Degrees  C. 

No.l 34.0 

No.  2 1 33.7 

No.  3 33.8 

No.  4 34.0 

Another  butter,  "Creamery  Tub,"  gave  the  numbers  below  : 

Degrees  C. 

No.l :. 33.7 

No.  2 - 33.7 

No. 3 '^3.(i 

No. 4  .... 33.0 


A  neutral  lard,  from  Armour  &  Co.,  Chicago,  gave  the  following 
_ results : 

Degrees  C. 

No.l 42.8 

No.  2 42.4 

No.  3 42.3 

No.  4 42.  G 

No.  5 42.2 

No.  0 42.  0 

An  oleo  oil,  from  Armour  &  Co.,  gave — 

Degrees  C. 

No.l 29.4 

No.  2 29.5 

No.  3 . 29.5 

No.  4 29.7 

No.  5 ' 30.0 

No.  6 30.3 

No.  7 , 29.7 

No.  8 29.8 
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Another  butter,  sUowu  by  the  microscope  to  be  adulterated,  gave — 

Degrees  C. 

No,l 33.5 

No, 2 , ...,..,,........„-... 33.7 

No.  3 33,5 

No.  1777,  a  doubtful  butlei  gave — 

Degrees  C. 

No.  I 34.3 

No.  2 34.5 

No.  3 33.6 

No.  4  34.0 

No.  1779,  also  a  doubtful  butter,  gave — 

Degrees  C. 

No.  1 34.2 

No.  2 33.5 

No.  3 33.0 

These  results  show  that  the  method  is  cai)able  of  general  application. 
Collecting  together  the  mean  results  obtained  with  butter-fats  the 
following  table  is  obtained  : 

Table  No.  l.—Alelibuj  poinl.i,  etc.,  of  (jenninG  tatter. 


Serial  number. 


1745 

1766 

17f)8 

17G9 

1772 

1785 

1786 

Mean 


Melting 
point. 


oC. 
34.5 
34.3 
34.2 
33.7 
34.0 
32.0 
34.7 


33.8 


Per  cent. 

Specific 

soluble 

gravity 

acid. 

at  40°  C. 

5.48 

.on 

4.52 

.9iO 

5.21 

.910  ! 

5.05 

.912  \ 

5.26 

.911  : 

4.48 

.912 

4.32 

.912  ! 

4.86 

.911  1 

Table  No.  2. — Malting  points^  4'-c.,  ofbiUtcrs  of  (loiibtful  pitrltij. 


Serial  number. 

Melting 
point. 

Per  cent. 

Soluble 

acid. 

Specific 

gravity 
at40oC. 

1777 

34.1 
33.6 
34.4 
34.5 

3.92 
3.16 
3.02 
3.97 

.910 
.909 
.910 
.910 

1779  . 

1780 

1781 

Mean 

34.1 

3.51 

.909 

i 

The  above  were  all  bought  as  pure  butters.     They  are  condemned  on 
account  of  the  low  percentage  of  soluble  acid,  while  by  their  specific 
gravity  they  appear  to  fall  near  the  limit  of  purity.     The  soluble  acid 
in  the  above  was  determined  by  washing  out  and  not  l)y  Ileichert's  ^ 
method. 
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Table  No.  'i.—Melt'uuj  point  of  suhsiances  sold  as  huiter,  but  proved  by  analysis  to  be 

adulterated. 


Serial  number. 

Melting 
point. 

Per  cent. 

.s-.lublo 

acid. 

Specific 
gravity 
at  40°  C. 

1755 

1778 

39.0 

33.  G 

34.  G 
35.3 
37.8 

1.53 
0.21 
0.09 
0.00 
0.90 

.906 
.904 
.900 
.904 
.905 

1787 

4594 

4595 

Table  No.  4. — Melting  point,  <^c.,  of  ^'olco-oiV'  and  ^'neutral  lard'^  used  as  butter  adulter- 
ants. 


Serial  number. 

Molting 
point." 

Per  cent. 

soluble 

acid. 

Specific 
gravity 
at  40O  C. 

"Neutral  lard": 

1754 

4597 

"Oleo-oil :  ' 

175G 

4596 

42.4 
42.4 

29.7 
29.6 

0.10 

.904 

0.08 
0.08 

.903 
.903 

Table  No,  5.  —  MeUin  g  point  of  mixtures  made  in  laboratory  as  indicated. 

j      [Tbc  butter  used  bad  ameltini;-  point  of  33°. 1  C.  ;  tbe  "oleo-oil"  of  29°. G  C;  and  tbo  "neutral  lard' 
|l  "  of  420.4  C.l 


No. 

Composition  of  mixture. 

Theoretical 
melting 
point. 

Observed 

molting 

point. 

1.... 
3.'.'.'. 

4... 

5 

2  parts  butter,  1  part  "ucutral  ''  

1  part  butter,  2  parts  "  neutral  " 

1  part  butter,  1  part  "neutral"  and 
lpart"oleo" 

»C. 
36.2 
39.3 

35.0 
31.9 

30.8 

35.2 
39.6 

35.  5 
32.0 
30.5 

1  part  butter,  2  parts  "oleo"          .... 

From  the  above  it  appears  that  the  melting  point  of  a  mixture  of  two 
or  more  fats  can  be  readily  and  accurately  calculated  from  that  of  its 
constituents.  The  ogreement,  except  in  No.  1,  is  within  the  error  of 
ordinary  observation. 

Remarl's  on  preceding  data. — The  mean  melting  point  of  the  butters 
examined  is  33o.8  0.,  tbe  maximum  is  34o.7  C,  and  the  minimun  32o  6  0. 
In  general  terms  it  may  be  said  that  a  genuine  butter  will  show  a  melting 
point  falling  within  the  limits  of  33°  and  34P  0.  Of  butter  adulterants 
the  "neutral  lard"  has  a  comparatively  high  melting  point  and  "oleo- 
oil"  a  low  one.  Unfortunately  for  analytical  x)urposes  it  is  easy  for  the 
fabricator  to  make  an  artiticial  bntter  whose  melting  point  is  sensibly 
the  same  as  that  of  the  genuine  article.  On  the  other  hand  it  is  seen 
that  if  a  false  butter  be  made  of  a  genuine  one  and  only  one  of  the 
adulterants  in  common  use,  tlie  variation  of  the  melting  point  from  the 
normal  will  be  sufficiently  great  to  call  attention  to  the  falsification. 
19330— No.  13 4 
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EFFECT  OF  TIME  ON  MELTING  POINT  OF  THE  FAT  DISKS. 

By  soiiio  variations  in  tlie  melting  point  of  I'at  disks  of  different  ages 
my  attention  was  directed  to  an  investigation  of  tbc  effect  of  time. 

Tlie  following  data  will  serve  to  measure  the  influence  of  age  on  the 
melting  point: 

BUTTERS. 


IsTumbcr. 

Melting  point. 

Increase  f ; 
decrease—. 

Directly  disk 
was  made. 

After     24 
hours. 

1 

33.1 
34.3 
34.2 
34.5 
32.9 
33.1 

°C. 

33.  C 
34.7 

34.  G 
35.2 
32.8 
34.5 

+  0.5 
+0.4 
+0.4 
+0.7 
-0.1 
+1.4 

2 

3 

4 

5 

c 

In  every  case  except  No.  5  in  the  above  table  it  is  seen  that  the  melt- 
ing point  of  the  disks  of  butter  was  raised  by  standing  on  w^ater  at  or 
dinary  temi)eratures  for  twenty-four  hours. 

In  one  instance,  a  butter  w^hose  melting  point  was  34P.5  0.  stood  in  the 
form  of  disks  from  May  27  until  August  3.  An  attempt  was  made  on 
this  latter  date  to  determine  its  melting  point.  At  a  temperature  of 
750  0.  the  disk  had  not  assumed  a  spherical  shape,  and  the  temperature 
could  be  carried  no  higher  on  account  of  approaching  the  boiling  point 
of  the  alcohol. 

ADULTERATED  BUTTERS. 


Number. 

Melting  point 

directly  disk 

was  made. 

Melting     point 
alter— 

Increase. 

1 
1 

1 

2 

3 

4 

5      ... 

34.  G 
32.9 

38.1 
35.3 
37.8 

5  days  ....G1.4 
18  hours..  37.0 
24  hours  ...42.9 
4 G  hours  ...35.3 
44  hours  ...40.3 

OC. 

20.  8 
4.1 
5.9 
0.0 
2.5 

Again  in  every  case  but  one  a  marked  rise  in  the  melting  point. 

"OLEO  OIL." 


Melting 
point. 

"Oleo,"  at  once 

•  "  Olpn  "  nftpr  42  liniira 

OC. 

29.  G 
42.5 

Increase 

2.9 

It  would  appear  from  the  above  results  that  adulterated  butters  and 
butter  adulterants  show  a  greater  rise  in  melting  points  when  tlie  disks 
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arc  a  day  or  more  old  than  pure  butter.  The  analytical  data,  however, 
are  too  meager  to  permit  a  defiuite  statement  of  this  kind.  Should  it 
prove  to  be  true,  it  would  be  a  valuable  indication  in  the  discrimation 
between  pul*e  and  adulterated  butters.  An  examination  of  the  old 
disks  with  the  microscope  did  not  reveal  a  crystalline  structure,  and 
this  change,  therefore,  must  bo  attributed  to  a  molecular  modification 
or  superficial  oxidation. 

EFFECT  OF  THE  PRELIMINARY  HEATING  OF   THE   FAT    TO  DIFFERENT 

TEMPERATURES. 

A  butter  fat  was  melted  at  a  low  temperature  and  allowed  to  stand 
until  the  temperature  had  fallen  to  30^  C;  it  was  still  perfectly  fluid. 
The  disks  were  formed  by  dropping  on  ice  as  usual.  The  melting  point 
obtained  was  33°  0.  The  fat  was  now  heated  to  50^  C.  and  treated  as 
above;  melting  point,  33o.4  C.  The  temperature  was  then  raised  to 
80O  C. ;  melting  point,  32^.8  C. 

The  above  results,  falling  within  the  possible  error  of  observation, 
show  that  the  temperature  to  which  the  fat  is  subjected  before  the  for- 
mation of  the  disks  has  no  appreciable  effect  on  the  point  at  which  the 
fat  particle  becomes  a  sphere. 

EFFECT  OF  SUDDEN  RISE  OF  TEMPERATURE. 

A  sudden  rise  of  temperature  tdrads  to  greatly  lower  the  melting  point, 
A  fat  which  showed  a  melting  point  of  35^.3  C.  when  determined  in  the 
usual  way,  melted  at  once  into  a  perfect  sphere  when  dropped  into  the 
water-alcohol  mixture  having  a  temperature  of  29^  G.  At  28^.5  C.  the 
globule  was  irregular. 

A  disk  of  neutral  lard,  having  by  the  usual  method  a  melting  i)oint 
of  42^.4  0.,  became  at  once  a  sphere  when  dropped  into  the  water-alcohol 
at  36^.2  0.  Below  that  temperature  the  spheroidal  shape  was  not  sym- 
metrical. 

In  all  cases  this  phenomenon  will  appear.  It  mny  be  suggested, 
therefore,  with  strict  propriety,  whether  this  may  not  be  regarded  as 
the  proper  melting  j)oint.  Since  the  temperature  at  which  the  sphe- 
roidal state  is  assumed  can  be  determined  within  one  or  two  degrees  by  a 
preliminary  trial,  it  would  not  be  difficult  to  have  a  series  of  mixtures 
of  Winter  and  alcohol  arranged  so  as  to  show  differences  of  temperature 
of  0O.5  0.  By  dropping  the  disks  successively  into  these  mixtures  the 
instantaneous  fusing  point  could  be  determined  with  accuracy. 

The  method  set  forth  in  the  preceding  pages  has  been  proved  by  1G5 
determinations  to  be  capable  of  giving  agreeing  results.  Xot  only  will 
the  numbers  obtained  by  the  same  observer  be  concordant,  but  also 
those  of  different  analysts.  This  arises  from  the  fact  that  the  moment 
of  the  assumption  of  the  spheroidal  state  is  easily  determined  even  by 
an  uupracticed  eye.  I  have  also  noticed  that  in  this  condition  pure 
butter  and  oleo  arc  quite  transparent,  while  on  the  other  hand  neutral 
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_,Td  aud  adiilteLated  batters  are  still  somewhat  opalescent.  From  this 
it  is  seen  that  the  data  obtained  by  the  old  method  of  determining  the 
temperature  of  trans])arency  would  differ  somewhat  from  those  obtained 
by  the  proposed  procedure.  Since  the  age  of  the  disk  has  a  great  deal 
to^do  with  its  melting  point,  I  suggest  that  all  determinations  be  made 
within  fifteen  minutes  to  two  hours  from  the  making  of  the  disks. 

The  method  can  also  be  extended  to  such  bodies  as  paraffinc  and 
bees-wax.     The  inciting  ])oiut  of  a  parafilne  was  found  to  be — 
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An  interesting  phenomenon  was  observed  in  determining  the  melting 
point  of  the  paraliinc,  which  may  be  made  to  show,  in  a  lecture  exi)eri- 
ment,  the  change  of  volume  which  bodies  sometimes  undergo  in  passing 
from  a  solid  to  a  liquid  state.  The  same  mixture  of  water  and  alcohol 
used  in  the  examination  of  fats,  allowed  the  disk  of  paraffine  to  sink  to 
about  the  same  point  as  the  disk  of  fat.  When  the  temperature  rose, 
howevei>  to  within  one  or  two  degrees  of  the  melting  point,  there  was  a 
sudden  increase  in  volume.  The  pellet  of  paraffine  rapidly  rose  to  the 
top  of  the  tube.  To  avoid  this  and  keep  the  globule  within  the  liquid  1 
made  a  mixture  of  water-alcohol  and  absolute  alcohol.  With  this 
arrangement  the  rise  of  the  paraffine  was  arrested  in  the  upper  third 
of  the  tube  occupied  by  the  absolute  alcohol,  where  its  assumption  of 
the  spheroidal  state  could  be  readily  observed.  On  idacing  the  tube  in 
a  cooling  bath  the  globule  of  paraffine  rapidly  sinks  as  it  solidifies- 
The  disks  of  paraffine  and  bees-wax  are  quite  irregular,  but  nevertheless 
suitable  for  the  process.  The  melting  point  of  the  one  sam^de  of  bees- 
wax examined  was  found  to  be  04^.2  C. 

VISCOSITY. 

The  speed  with  which  at  identical  temperatures  aud  pressures  dif- 
ferent oils  flow  through  an  orifice  may  be  used  to  dintinguish  them 
from  each  other.     For  a  description  of  the  methods  used  in  viscosime- 
try  i  refer  to  xVUen's  Com.  Organic  Analysis.^     An  ingenious  and  useful 
.  apparatus  for  viscosimetry  has  been  invented  by  Babcock.- 

Babcock  has  applied  his  apparatus  to  the  investigation  of  the  viscos 
ity  of  butter  soaps  with  promising  results.^ 


1  Vol.  2,  2d  etl.,  pp.  I'M  et  seq. 

-Fifth  Auii.  Eept.  Bel.  Control  N.  Y.  Exp.  Sta.,,  pp.  316  ct  acq. 

^  Ihid.,  pp.  338  et  seq. 
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REFRACTIVE  INDEX  OF  OILS. 

The  iLsc  of  the  iciVdCtoaioter  of  xibbe  in  the  exatiiination  ot  butters 
lias  been  proposed  by  MiUlerJ     The  principle  of  the  use  of  this  insti-ii 
luent  is,  that  the  fats  of  pare  batter  possess  a  less  refmetive  power 
t!i;in  the  glyccrides  of  a  higher  niolecnhir  weight. 

Tlii.".  subject  Jias  also  been  treated  by  Skalweit.' 

ESTIMATION  OF  SOLUBLE  ACIDS  IN  BUTTER  FATS. 

Method  of  Hchner  and  Angell.^ — Hehner  and  Angell,  in  June,  1874,  pub- 
lished a  pamphlet  on  butter  analysis  in  which  the  details  of  their  method 
were  given. 

The  following  is  an  abstract  of  this  method  :^ 

A  weighed  quantity,  usually  3  grams,  of  the  fat  was  saponiQed  in  a 
I)orcelain  dish  with  caustic  potash,  with  frequent  stirrings  with  a  glass 
rod.  The  clear  butter  soap  was  transferred  to  a  flask  or  retort  and 
decomposed  by  means  of  dilute  sulphuric  acid.  This  mixture,  which 
contained  sulphate  of  potash,  glycerine,  and  the  volatile  acids  in  solu- 
tion aud  the  insoluble  fatty  acids  floating  on  the  top,  was  distilled,  and 
the  acidity  of  the  distillate  estimated  by  means  of  a  soda  solution  of 
known  strength.  The  practical  difticulties  of  this  method,  such  as  the 
violent  bumping  of  the  boiling  liquid  and  the  impossibility  of  obtain- 
ing a  distillate  perfectly  free  from  acid,  led  the  authors  to  adopt  a 
somewhat  different  method. 

This  modification  is  based  upon  the  different  percentages  of  the 
insoluble  fatty  acids  in  butter  and  other  animal  fats.  The  insoluble 
acids,  after  saponification,  were  collected  on  a  moistened  filter  paper, 
washed  with  hot  water,  and  when  the  soluble  acid  was  washed  out, 
dried  and  weighed. 

They  found  the  percentage  of  insoluble  fats  in  butter  to  vary  I'rom 
83.40  to  8G.20,  while  in  other  animal  fats  the  percentage  of  insoluble 
fatty  acids  was  about  95.5.  As  will  be  shown  further  along,  a  small 
error  is  introduced  into  this  method  b^^  washing  the  insoluble  fatly 
acids  on  the  filter.  When  this  error  is  avoided,  it  is  found  that  the  per- 
centage of  the  insoluble  fatty  acids  in  butter  fat  is  considerably  higher 
than  the  figure  which  has  just  been  given.  A  detailed  description  of 
this  part  of  the  process  will  be  given  farther  on.  Turner^  suggested 
the  employment  of  alcohol,  with  the  view  to  hasten  the  saponification 
of  the  fat;  a  modification  of  the  process  which  has  been  almost  uni- 
\"ersally  adopted  by  analysts. 

About  30  or  40cc.  of  spirits  of  wine  are  added  to  the  butter  in  the  por- 
celain dish  and  heated  over  the  water  bath  to  near  the  boiling-point. 

'  Arcliiv  d.  Pliaiui.,  188G,  p.  210. 
-Rep.  d.  Vcr.  Anal.,  Clicm.,  18815,  p.  181. 
■'Aualyst,  1877,  p.  147. 

^Hassall,  Food  and  its  adulterations,  p.  44G. 
^•//)jf?.,  p.  447. 
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About  5  grains  of  solid  caustic  potash  are  then  added,  and  from  time  to 
time  a  few  drops  of  water,  to  facditate  its  solution,  the  liquid  being 
stirred  all  the  time.  In  this  manner  the  butter  becomes  vapidly  sapon- 
ified. The  clear  yellowish  solution  is  then  freed  lr;Mn  all  alcohol  over 
the  water  bath  and  the  soap  decomposed  as  already  described.  Care 
should  be  taken  to  remove  all  the  alcohol,  as  a  small  quantity  of  tiic 
fatty  acids  might  bo  held  dissolved  should  any  alcohol  remain,  and  so 
lead  to  an  erroneous  result, 

Melmcfs  method  modified  hy  Reiclicrt} — Weigh  out  2^-  grams  of  dried 
and  fdtered  butter  fat  in  an  Erlenmeyer  flask  of  loOcc.  capacity  ;  add  I 
gram  of  solid  potassium  hydrate  and  20cc.  of  80  per  cent,  alcohol.  This 
mixture  is  kept  upon  the  water  bath  with  constant  shaking  until  the  soap 
obtained  no  longer  forms  a  foamy,  greasy  mass.  Afterwards  oOcc.  of 
water  are  added  to  the  flask,  and  the  soap,  after  it  has  dissolved  in  water, 
is  decomposed  with  20cc.  of  dilute  sulphuric  acid  (Ice.  of  pure  sulphuric 
acid  to  lOcc.  of  water).  The  contents  of  the  flask  arc  now  subjected  to 
distillation,  with  the  precaution  of  conducting  through  it  a  slow  stream 
of  air,  in  order  to  avoid  bumping.  It  is  also  recommended  to  nse  a  bulb 
tube  with  a  wide  opening,  in  order  to  avoid  carrying  over  the  sulphuric 
acid.  The  distillate,  which,  especially  with  fats  poor  in  buttci-  and  by 
rapid  distillation,  always  deposits  a  little  of  the  solid  fat  acids,  is  Altered 
through  a  moistened  filter  paper  and  collected  in  a  50cc.  flask.  After  10 
to  20cc.  are  passed  over  it  is  poured  back  into  the  flask  and  the  distilla- 
tion is  nov>  continued  until  the  distillate  amounts  to  exactly  oOcc  The 
distillate,  wdiich,  when  the  distillation  has  gone  on  evenly,  forms  a  water 
clear  liquid,  is  immediately  titrated  with  decinormal  soda  lye  after  the 
addition  of  4  drops  of  litmus  tincture.  The  titration  is  finished  if  the 
blue  color  of  the  litmus  remains  constant  for  some  time.  Six  analyses 
of  an  artificial  butter  fat  required  lO.occ.  of  decinormal  soda  lye  to  neu- 
tralize the  acid  in  the  distillate. 

The  genuine  butter  gave  on  three  trials  14  50, 14.45,  and  14.G0cc.,  re- 
spectively, of  the  decinormal  soda. 

Two  samples  of  cocoanut  fat  required  5.70  and  3.70cc.  of  soda  lye. 

Thirteen  samples  of  pure  butter  required  a  mean  of  13  97cc.  of  the 
decinormal  soda. 

All  the  other  fats  which  are  used  in  the  adulteration  of  butter  re- 
quired a  much  smaller  amount  of  the  decinormal  soda  for  the  saturation 
of  the  distilled  acid. 

In  artificial  butters  the  proportion  of  pure  butter  and  added  fat  may 
be  calculated  from  the  following  formula  : 

B=a  {n  —  h). 

in  which  n  represents  the  most  i^robable  value  of  the  number  represent- 
ing the  quantity  of  decinormal  soda  solution  required  either  for  pure 
butter  or  for  the  fat  with  which  it  may  be  adulterated.     When  B  equals 

iZeit.  Anal.  Chem.,  1879,  pp.  63,  ct  seq.  ^ 

f 
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O,  that  is,  when  the  subsfcauce  contains  no  pnre  butter,  the  valne  of  n 
may  bo  taken  at  .30.     We  have,  tlicrefore, 

0=a  {0.30 -h)  from  which  h=.30. 

When  B  is  eqnal  to  100,  that  is,  when  the  batter  is  pnre,  as  has  already 
been  said,  the  most  probable  valne  of  n,  according  to  the  thirteen  anal- 
yses given,  is  13.07,  or  in  ronnd  nnmbers  14±45,  then  we  have  the 
cqnation 

100=rt  (14.00± 0.45-0.30) 

Jind  from  this  the  valne  of 

fl  =  7.30i.24. 

The  above  eqnations  may  therefore  be  condensed  into  B  =  (7.30rt 
0.24)  {n  —  30),  that  is,  in  order  to  find  the  probable  batter  content  of  a 
fat  mixture  subtract  from  the  number  of  the  cubic  centimeters  of  deci- 
normal  soda  lye  used  for  titration  .30  and  multiply  the  remainder  by  7.30. 
The  probable  error  which  will  be  met  with  by  this  estimation  amounts 
to  ±0.24  (?i- 0.30). 

Medicus  and  Scherer^  examined  the  method  of  Eeichert  and  found  it 
to  be  quite  exact.  For  pure  butter  they  found  the  quantity  of  deci normal 
soda  lye  required  should  be  13cc. ;  a  mixture  of  equal  parts  of  butter  fat 
and  tallow  required  7cc. 

'  Two  parts  of  butter  fat  and  one  of  tallow  required  O.lcc.j  three  parts 
of  butter  fat  and  one  of  tallow  required  lO.lcc. 

The  authors  call  attention  to  the  fact  that  melted  butter  fat  slowly 
cooled  may  separate  into  i)ortions  requiring  different  quantities  of  the 
dccinormal  soda  for  the  saturation  of  the  distilled  acid  which  they 
afford.  Two  and  one-half  to  3  pounds  of  pure  batter  fat  were  used. 
This  was  melted  and  allowed  to  cool  with  continued  stirriug  in  order 
to  secure  a  i)erfectly  homogeneous  mass.  2J  grams  of  this  mixture,  by 
Reichert's  method,  required  14cc.  of  decinormal  soda.  The  fat  was  now 
again  melted,  poured  into  a  large  beaker  glass,  and  uncovered  allowed 
to  cool  without  stirring.  The  solidification  took  place  slowly.  After 
solidification  2J  grams  from  the  upper  layer  required  13.3cc.  of  soda. 

Allen  ^  also  highly  recommends  Eeichert's  method.  He  uses  it  as  fol- 
lows :  Weigh  out  25  grams  ol  the  clarified  butter  fat  and  saponify  in  a 
closed  Uask  (a  closed  flask  has  been  used  in  the  work  of  the  Chemical 

Division  with  butter  since  1883)  with  25cc.  of  approximately  —  KOH. 

"Z 

Transfer  the  product  to  a  porcelain  basin  and  evaporate  the  alcohol  at  a 
steam  heat.  Dissolve  the  residue  in  water,  add  some  fragments  of 
pomace  coiled  round  with  platinum  wire,  aud  distil  gently  until  50cc. 

have  passed  over.  Titrate  the  distillate  with  —  caustic  alkali  using 
phenol-phthalein  as  an  indicator. 


'Zeit.  Aual.  Chem.,  1880,  pp.  159  ctseq.  ^Analyst,  1885,  p.  103,  et  seq. 
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Allen  found  that  a  genuine  butter  fat  required  not  less  than  12.5cc.  ~ 

alkali  for  neutralization  of  the  acid  in  distillate  and  that  this  corresponds 
to  3.9  per  cent,  butyric  acid  distilled  over,  so  that  somewhat  over  4  per 
cent,  of  volatile  acids  in  terms  of  butyric  may  be  considered  to  be 
yielded  by  the  process.     (Instead  of  3.9  per  cent,  it  should  be  4.4  per 

cent,  since  Ice.  —  caustic  alkali  neutralizes  .0088  grams  butyric  acid.) 

Allen  gives  some  comparative  results  with  Eeichert's  method  ob- 
tained by  different  chemists.  In  the  conclusion  of  the  paper  Eeichert's 
method  is  said  to  be  more  enlightening  than  Koettstorfer's  for  sorting 
butters. 

Modification  of  Beicherfs  method  hy  Dr.  B.  F.  Davenport  (communi- 
cated in  MSS.) — Use  only  lOcc.  of  alcohol  in  the  saponification ;  the  ad- 
vantage being  that  with  this  small  quantity  the  saponification  is  almost 
immediate.  In  fact  I  begin  to  draw  out  the  alcoholic  vapor  froni  the 
flask  as  soon  as  it  comes  to  the  boil,  using  a  water  pump  ;  thus  it  takes 
only  about  fifteen  minutes  to  complete  the  saponification  and  the  mass 
evaporated  down  to  a  thick  mass,  free  from  any  alcoholic  vapors.  My 
process  is  to  melt  the  butter  at  about  80'^  C;  filter  off'  the  clean  fat,  stir 
it  into  a  uniform  mass  as  it  solidifies.  Weigh  off  two  portions  (for  I 
work  in  duplicate)  of  the  solid  mass  of  5  grams  each' upon  counterpoised 
double  filters  of  about  the  size  of  the  scale  pan,  using  double  filters  that 
there  may  be  no  chance  of  anything  going  through  to  the  scale  pan. 
Eoll  up  the'edges  of  the  double  filter  over  the  butter  upon  them,  and 
slip  it  all  into  an  Erlenmeyer  flask.  It  is  easy  to  get  the  ex  act  5  grams 
upon  the  open  filter,  and  by  putting  all  into  the  flask  there  can  be  no 
loss  in  the  transfer.  Eun  off  upon  the  butter  in  the  flask  lOcc.  of  70 
per  cent,  alcoholic  solution,  containing  2  grams  of  KOH.  Saponify  and 
get  dry  mass  in  about  fifteen  minutes,  add  to  it  lOOcc.  of  water,  dissolve, 
aided  by  heat,  add  50cc.  of  dilute  H2SO4  containing  about  one-tenth 
part  of  commercial  H2SO4,  add  several  pieces  of  rough  pomace  loaded 
with  enough  stout  platinum  wire  to  lie  upon  the  bottom  of  the  flask, 
and  then  distill  off  lOOcc.  directly  into  a  sugar  flask  having  a  small 
funnel,  and  filter  in  its  mouth. 

I  used  at  first  after  distilling  oft'  about  20cc.  to  pour  it  back  into  the 
flask  and  then  distill  off  lOOcc,  but  I  soon  learned  that  that  made  no 
diiference,  as  also  using  a  50cc.  sugar  flask  full  of  diluted  H2SO4,  in- 
stead of  the  directed  40cc.,  whicli  was  not  quite  so  convenient  a  quantify 
to  measure  off'.  I  leave  the  end  of  the  bulb  tube  connecting  the  flask 
with  the  condenser  long  enougli  to  enter  the  condenser  so  far  that  there 
is  no  need  of  any  rubber  connection  between  them,  there  being  no  es- 
caping at  the  upper  end  of  tlie  condenser  of  any  v  ipor  or  of  scarcely 
any  odor  at  all.  The  operation  requires  no  transferring  of  the  material 
from  the  beginning  to  end.  Samples  of  known  pure  butter  have  by  this 
method  required  an  average  of  28.8cc.  of  alkali  to  neutralize  the  lOOcc. 
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of  distillate.  I  use  phenol-pbtbalein  as  an  indicator  instead  of  litmus. 
When  the  alcoholic  KOH  solution  has  been  made  for  some  time  I  make 
a  blank  saponilication  and  distillation  with  that  and  discount  the  cubic 
centimeters  of  soda  solution  required  by  that  for  that  required  by  the 
butters. 

Keichert's  method  has  also  been  tried  and  approved  by  Caldwell.' 
He  says : 

For  foreign  fats  Reiclicrt's  nictliod  v/as  followed  witbmncli  satisfaction.  When  all 
tlie  necessary  solntions  arc  once  prepared  tbo  analysis  is  mado  witli  comparatively 
little  tronble;  with  less,  in  fact,  than  is  allowed  even  by  thos3  who  praise  it  most. 
Its  author  saj's  that  a  current  of  air  mast  be  passed  through  the  liquid  in  the  flask 
while  the  distillation  is  goiug  in,  to  prevent  bumping,  and  Ambuhl  says  that  all  at- 
tempts to  dispense  with  this  precaution  by  the  use  of  pumice-stone,  platinum  scraps, 
and  the  like  failed.  Nevertheless,  finding  it  very  inconvenient  to  use  the  current 
of  air,  I  ventured  to  try  a  combination  of  short  spirals  of  platinum  wire  and  pieces 
of  pumico  stone  together,  and  with  complete  success;  the  ebullition  continued  from 
beginning  to  end  as  quietly  as  could  bo  desired. 

MeisseP  has  described  a  modification  of  Eeichcrt's  process  as  follows: 

Five  grams  of  tlie  melted  and  filtered  butter  fat  are  treated  in  a 
200cc.  flask  with  2  .^rams  of  sticlv  alkali  and  50cc.  70  per  cent,  alcohol. 
After  complete  saponification  the  alcohol  is  evaporated.  The  soap  is 
dissolved  in  lOOcc.  water  and  decomposed  with  40cc.  one-tenth  IlaSOj. 
The  flask  is  supplied  with  some  pieces  of  pumice-stone  and  connected 
by  means  of  a  bulb  with  a  condenser. 

The  distillation  is  contiiiued  until  llOcc.  are  drawn  over.  After  fil- 
tration lOOcc.  are  titrated  in  presence  of  litmus  with  one-tenth  iS^  potash 
and  the  number  of  cubic  centimeters  required  increased  by  one-tenth. 

If  less  than  2Gcc.  of  the  alkali  solution  are  required  in  the  titration 
the  butter  may  be  suspected  of  falsification. 

Mode  of  procedure  in  ReickerfH  method  {used  by  Br.  C.  A.  Cra^ajytou, 
Department  of  Afjriculture).— About  2.5  grams  of  the  melted  butter 
fat  are  weighed  out  by  means  of  a  small  pipette  and  beaker,  which  are 
weighed  again  after  the  sample  has  been  taken  out,  and  run  into  a  bot- 
tle provided  with  a  patent  india  rubber  stopper;  25cc.  of  a  solution  of 
(approximately)  semi  normal  alcholic  potash  is  added,  the  bottle  closed 
and  placed  in  the  steam  bath  until  the  contents  are  entirely  saponified, 
facilitating  the  operation  by  occasional  agitation.  The  bottle  is  then 
removed  from  the  bath,  allowed  to  stand  a  few  moments  until  partially 
cooled  off,  when  its  contents  are  transferred  to  a  i)orcelain  evaporating 
dish,  the  bottle  being  rinsed  Avith  a  little  alcohol.  The  alcohol  is  then 
driven  off'  as  rapidly  as  possible,  and  when  the  mass  of  soap  and  alkali 
is  nearly  dry,  it  is  dissolved  up  in  25cc.  of  water,  and  transferred  to  a 
suitable  flask  of  about  200cc.  capacity,  which  is  fitted  with  a  delivery 
tube  and  condenser;  the  delivery  tube  \s  carried  up  about  8  inches  be- 
fore it  is  bent  to  enter  the  condeovser  and  a  bulb  is  blown  in  it  just  below 


'  Second  Ann.  Rept.  N.  Y.  S.  Bd.  of  Health,  p.  526. 
'  Ding.  Poly.  J.,  vol.  233,  p.  229. 


58 


FOODS    AND    FOOD    ADULTERANTS. 


tbe  elbow  aud  filled  with  broken  glass  or  glass  wool.  After  tbe  soap 
solution  has  been  transferred  to  this  flask,  the  evaporating  dish  is  rinsed 
out  with  25cc.  more  water,  w^hich  is  added  to  the  contents  of  the  Hask, 
and  the  fatty  acids  are  then  set  free  by  the  addition  of  20cc.  of  a  solution 
of  phosphoric  acid,^  making  the  liquid  measure  in  all  about  TOcc.  Heat 
is  applied  gently  at  first,  and  gradually  increased  until  the  distillate 
comes  over  regularly.  When  50cc.  have  distilled  off  the  operation  is 
finished  and  the  distillate  is  titrated  with  one-tenth  alkali,  using  phenol 
phthalein  as  an  indicator. 

I  have  adopted  phosphoric  acid  in  preference  to  sulphuric  for  setting 
free  the  fatty  acids,  because  it  is  not  so  liable  to  carry  over  as  the  Int- 
ter  j  much  greater  care  is  necessary  when  sulphuric  acid  is  used.  Be- 
fore the  modification  of  the  delivery  tube  was  adopted,  I  frequently 
found  H2  SO4  in  the  distillate.  Thus,  before  using  the  bulb,  two  blank 
experiments  required  1.8  to  2.0cc.,  one-tenth  alkali,  for  neutralization  and 
gave  a  perceptible  precipitate  of  BaS04.  After  adding  the  bulb  I  found 
blanks  occasionally  to  require  as  much  as  .8cc.  when  the  distillation  had 
not  been  carefully  watched.  The  following  comparative  results  show 
that  there  is  practically  no  difference  which  acid  is  used,  when  the 
operation  is  carried  on  with  care.  The  processes  used  were  identical, 
except  that  in  the  second,  20cc.  of  10  per  cent,  sulphuric  acid  was  substi- 
tuted for  the  i)hosphoric  acid.     The  results  are  for  2.5  grams  of  fat. 


No.l 
No.  2 


No.  3 
No.  4 


C  With  phosplioric  .acid 
I  With  sulplinric  acid  . 
(  With  phosphoric  acid 
I  Willi  sulphuric  acid  - 
f  With  pho.sp boric  acid 
I  With  sulphuric  acid  . 
I  With  phosphoric  acid 
I  With  sulphuric  acid  . 


12.7 
12.7 
15  8 
15.3 
13.1 
13.2 
15.3 
14.8 


12.  G 
12.7 


14.  1 
14.  G 


12.7 
12.  G 


14.5 
14.9 


Blanks  should  always  bo  run,  and  will  be  generally  found  to  require 
.1  to  .3cc.  of  the  deci-normal  soda  before  they  wnll  show  the  color  with 
the  phenol  indicator. 

Koettstorfer\s  process'^  {as  used  in  this  laboratory). — Ai^out  2.5  grams 
butter  fat  (filtered  and  free  from  w^ater)  are  weighed  into  a  patent  rubber- 
stoppered  bottle  and  2Jcc,  (approximately)  semi  normal  alcoholic  potash 
added.  The  exact  amount  taken  is  determined  by  weighing  a  small 
pipette  with  the  beaker  of  fat,  running  the  fat  into  the  bottle  from  the 
pipette  and  weighing  beaker  and  pipette  again.  The  alcoholic  potash 
is  measured  always  in  the  same  pipette  and  uniformity  further  insured 
by  always  allowing  it  to  drain  the  same  length  of  time  (thirty  seconds). 
The  bottle  is  then  placed  in  the  steam  bath  together  with  a  blank,  con- 
taining no  fat.  After  sai)onification  is  complete,  and  the  bottles  cooled 
down,  the  contents  are  titrated  with  accurately   semi-normal  hydro- 


1  Maclo  by  dissolviug  200  gnims  of  commercial  glacial  phosplioric  acid  in  a  litre  of 
(vater;  its  specific  gravity  is  1.140. 

2  Zeit.  Anal.  Cbcm.  1879,  p.  199  ;  Analyst,  1879,  p.  108. 
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chloric  acid,  using  pLienolpbthaleiu  as  ao  indicator.  Tlic  number  of 
cubic  centimeters  of  the  acid  used  for  the  sample  deducted  from  the 
number  required  for  the  bUmk  gives  the  number  of  cubic  centimeters 
which  combines  with  the  fat,  and  the  saturation  equivalent  is  calcuhited 
by  the  following  formula,  in  which  W  equals  the  weight  of  fat  taken 
iu  milligrams  and  N  the  number  of  cubic  centimeters  which  has  com- 
bined with  the  fat. 

2  W 
Sat.  Equiv.  ——^' 

For  pure  butters  the  mean  value  of  N  is  about  17  when  2.5  grams  of 
butter  fat  are  taken,  and  the  saturation  equivalent  may  vary  from  230 
to  255.  On  the  other  hand  for  lards,  tallows,  and  other  fats  commonly 
used  for  adulterants  the  equivalent  rises  to  270  and  290.  These  num- 
bers, therefore,  give  a  fair  idea  of  the  purity  of  a  butter,  or  if  an  adul- 
teration has  been  practiced,  of  its  extent. 

ESTIMATION  OF  INSOLUBLE  ACIDS  IN  BUTTER  FAT. 

Method  of  Helmer ^— This  method  consists  in  saponifying  the  fat  with 
alcoholic  caustic  potash,  subsequent  evaporation  of  the  alcohol,  decom- 
position of  the  soap  with  sulphuric  or  hydrochloric  acid,  and  the  deter- 
mination of  the  insoluble  acid  gravimetrically. 

The  process  as  originally  described  by  Hehner  is  carried  on  as  fol- 
lows : 

The  filtered  butter  fat  is  weighed  in  a  beaker  glass  with  a  glass  rod ; 
3  or  4  grams  are  taken  out  by  means  of  the  glass  rod  and  put  in  an 
evaporating  dish  about  5  inches  in  diameter;  the  glass  rod  with  the  fat 
which  remains  on  it  is  left  in  the  evaporating  dish.  The  beaker  glass 
is  again  weighed  and  the  amount  of  butter  fat  determined  from  the 
difference  in  weight.  To  the  weighed  f;it  arc  added  50cc.  alcohol  and  1  to 
2  grams  of  pure  caustic  potash.  The  alcohol  is  warmed  gradually  upon 
the  water  bath,  by  which  the  butter  fat,  especially  when  stirred  with 
the  glass  rod,  easily  dissolves  to  a  clear  yellow  liquid,  giving  off  a  dis- 
tinct odor  of  butyric  ether.  The  heating  is  continued  for  about  fiv(^, 
minutes  and  distilled  water  is  then  added  drop  by  drop  to  the  mass. 
If  this  produces  a  cloudiness  in  the  liquid,  due  to  the  separation  of  un- 
decomposed  fat,  the  heating  is  continued  somewhat  longer  until  (inally 
the  further  addition  of  water  does  not  produce  the  least  cloudiness. 
Should,  however,  through  the  careless  addition  of  water,  some  fat  sepa- 
rate in  the  form  of  oily  drops  which  do  not  again  easily  pass  into  the 
solution  in  the  diluted  alcohol,  the  whole  mass  must  be  evaporated  to 
dryness  and  treated  anew  with  alcohol,  or  the  experiment  be  done  over 
again  with  some  fresh  fat. 

The  clear  soap  solution  is  now  evaporated  on  the  water  bath  to  the 
consistency  of  sirup  in  order  to  remove  the  alcohol,  and  the  residue 

'  Zeit.  Aual.  Chem.  1877,  pp.  145  ct  scq. 
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dissolved  in  100  to  I50cc.  of  water.  To  the  clear  liquid  hydrochloric 
or  sulphuric  acid  is  added  to  a  strongly  acid  reaction,  in  order  to  de- 
compose the  soap.  The  iusoluble  fat  acids  are  now  separated  out  as  a 
cheesy  mass,  which  for  the  most  ])art  quickly  rise  to  the  surface.  The 
heating  is  continued  for  a  half  hour  until  the  fat  acids  are  melted  to  a 
clear  oil  and  the  acid  aqueous  liquid  is  almost  completely  clear.  Mean- 
while a  thick  Swedish  filter  paper  of  4  or  5  inches  in  diameter  has  been 
dried  in  a  water  bath.  The  filter  paper  must  be  of  the  best  quality  and 
so  thick  that  even  hot  water  will  only  pass  through  it  drop  by  drop.  A 
small  beaker  glass  is  now  weighed,  afterwards  a  filter  tube,  and  then 
the  filter  tube  and  the  filter;  in  this  way  is  obtained  the  weight  of  the 
filter  and  the  beaker  glass. 

The  weighed  filter  is  now  fitted  to  a  funnel  moistened  and  half  filled 
with  water.  The  aqueous  liquid  and  the  melted  fat  are  then  poured  out 
of  the  evaporating-dish  into  the  filter,  and  the  dish  and  glass  rod  are 
washed  with  boiling  water.  There  is  no  difficulty  in.  bringing  all  of  the 
fat  on  the  filter,  so  that  the  evaporating  dish  does  not  appear  in  (he 
least  greasy.  To  make  sure,  however,  the  dish  can  be  washed  with 
ether  and  the  liquid  obtained  added  to  the  fatty  acids. 

The  fatty  acids  are  washed  npon  the  filter  with  boiling  water.  The 
filter  should  be  never  more  than  two-thirds  full.  If  the  filtrate  tested 
with  sensitive  litmus  tincture  does  not  appear  acid,  the  rest  of  the 
water  is  allowed  to  run  through,  and  the  funnel  is  dipped  into  a  beaker- 
glass  filled  with  cold  water,  so  that  the  surface  of  the  liquids  within 
and  without  the  funnel  are  at  the  same  level.  As  soon  as  the  fatty  acids 
have  solidified  the  filter  is  taken  out  of  the  funnel,  placed  in  the  weighed 
beaker-glass,  and  dried  in  a  water-bath  to  constant  weight.  The  dry- 
ing is  continued  for  two  hours  and  the  filter  paper  is  then  weighed.  It 
is  again  dried  for  two  and  a  half  hours  and  weighed  a  second  time. 
It  must  be  remembered  thatitis  not  a  mineral  substance  which  is  under 
treatment,  but  aneasily-oxidizablefat,  so  that  an  exact  constant  weight 
cannot  be  expected. 

Butter  fat  gives  between  86.^  and  87^  per  centc  of  insoluble  fatty  acids, 
thongh  in  some  cases  the  number  may  rise  to  88  per  cent.  On  the  other 
hand,  the  animal  fats  give  about  95J  percent,  of  insoluble  fats. 

It  must  be  exi:)ected  that  the  kind  of  food  which  cows  receive  in. 
fluenco  considerably  these  numbers.  In  order  to  determine  this  im- 
portant point,  Dr.  Turner  had  a  cow  fed  for  a  long  time  exclusively  on  oil 
cake,  with  the  object  of  raising  the  percentage  of  insoluble  fat  acids  to 
the  highest  point.  It  is  worthy  of  remark,  however,  that  the  butter  so 
l)roduced  gave  the  unusually  low  percentage  of  86.3. 

Method  of  Mutcr.^— The  total  fatty  acids.  About  10  grams  (or  150 
grains)  of  the  butter  fat  at  100^  F.  are  weighed  by  difference  from  a  sus- 
pended tube  into  a  clean,  dr^-  15-ounce  flask,  and  5  grams  of  potassium 
hydrate  with  2  fluid  ounces  of  rectified  spirit  are  added.     The  flask  is 


Analyst,  1.977,  pp.  10,  11. 
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placed  in  a  basin  with  hot  water,  and  kept  boiling  for  a  considerable  time, 
until  on  adding  water  not  the  faintest  turbidity  occurs.  Ten  ounces  of 
water  are  added,  the  evaporation  continued  (just  short  of  boiling)  until 
all  traces  of  alcohol  are  dissipated.  The  contents  of  the  llask  are  then 
made  up  to  7  ounces  with  nearly  boiling  water,  and  a  good  fitting  cork 
having  been  introduced  through  which  just  passes  a  tube  2  feet  long  and 
ending  in  a  small  funnel,  5  grams  of  full  strength  sulphuric  acid  arepoured 
in  down  the  tube  followed  by  some  water.  The  whole  is  then  agitated 
with  a  circular  motion  until  the  soap,  which  rises  snddeuly,  is  changed 
into  a  perfectly  clear  and  transparent  stratum  of  fatty  acids.  The  flask 
and  contents  are  then  cooled  down  to  40^  F.,  till  a  perfectly  solid  cake 
of  fatty  acid  forms.  A  few  drops  of  cold  w^ater  are  run  in  to  wash  the 
tube,  and,  the  cork  having  been  removed,  a  small  i)iece  of  fine  cambric 
is  placed  over  the  mouth  of  the  flask,  held  in  situ  by  an  ordinary  India- 
rubber  ring.  The  fat  cake  is  caused  to  detach  itself  from  the  sides  of 
the  flask  by  a  gentle  movement,  and  then  the  flltrate  is  decanted,  with- 
out breaking  the  cake,  into  a  litre  test  mixer  with  a  good  stopper. 
About  an  ounce  of  cold  water  is  poured  into  the  liask  through  the  cam- 
bric, and  the  whole  cake  and  flask  rinsed  out  by  gently  turning  round, 
and  the  washings  added  to  the  filtrate.  Six  ounces  of  water  at  120^  F. 
are  now  added  through  the  muslin,  which  is  then  quickly  detached, 
and  the  cork  and  tube  inserted ;  the  whole  again  heated,  this  time  to 
200°  F.,  and  kept  constantly  agitated  with  a  circular  but  not  a  jerky  mo- 
tion for  five  minutes.  This  agitation  so  divides  the  fat  that  it  almost 
forms  an  emulsion  with  the  water,  and  is  the  only  means  of  thoroughly 
and  rapidly  washing  fatty  acids  without  loss.  In  practice  no  butyric 
acid  comes  off  at  200^  F.,  but  any  trace  that  might  do  so  is  caught  in  the 
long  tube.  The  cooling  and  filtering  are  then  again  proceeded  with  as 
above  described  (the  filtrate  being  added  to  the  contents  of  the  test 
*mixer),  and  the  washings  are  repeated  alternately,  cold  with  1  ounce, 
and  hot  with  G  ounces  of  water,  until  they  do  not  give  the  slightest 
change  to  neutral  litmus.  After  thoroughly  draining  the  residual  cake 
by  letting  the  flasks  stand  upside  dowai  for  some  time,  the  cambric  is  re- 
moved and  the  flask  is  laid  on  its  side  in  the  drying  oven,  with  a  sup- 
port under  the  neck,  until  the  acids  are  thoroughly  fused,  when  they 
are  poured  while  hot  into  a  tarred  platinum  capsule,  dried  and  weighed. 
The  film  of  fatty  acid  still  remaining  on  the  flask  is  rinsed  out  with 
ether  and  dried  in  a  small  weighed  beaker,  and  the  weight  added  to 
the  whole.  If  any  drops  of  water  be  observed  under  the  fatty  acids  in 
the  capsule  after  an  hour's  drying  the  addition  of  a  few  drops  of  abso- 
lute alcohol  will  quickly'  cause  them  to  dry  ofl'.  If  any  trace  of  fat  is 
on  the  cambric  it  should  be  also  dried  and  extracted  with  ether,  but 
with  care  not  to  break  the  cake  at  the  last  pouring  o(F  this  does  not 
occur. 

The  process  is  absolutely  accurate,  and  the  merest  tyro  cannot  make 
any  loss  so  long  as  he  does  not  deliberately  shake  the  melted  acids 
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agaiijst  the  cork,  wliicli  he  could  not  do  if  be  practiced  a  circular  agita- 
tion while  ^Yashing. 

The  filtrate  in  the  test  mixer  is  now  made  to  a  definite  bulk  of  1  litre, 
and  in  200cc.  the  total  acidity  is  taken  witli  a  weak  solution  of  sodium 
hydrate.  The  solution  I  generally  use  represents  .01  of  NH3  in  each 
cubic  centimeter,  as  it  serves  also  for  nitrogen  combustions  5  but  a  use- 
ful strength  would  be  deciuormal  soda,  containing  .004  NaOH  in  each 
cubic  centimeter.  The  acidity  found  is  multiplied  by  5,  calculated  to 
H2  SO4  and  noted  as  •'  total  acidity  as  H2SO4"  ;  lOOcc.  are  next  taken, 
and  precipitated  with  barium  chloride  in  the  presence  of  a  strong  acid- 
nlation,  with  hydrochloric  acid,  well  boiled  and  washed  by  three  de- 
cantations,  boiling  each  time  5  and  lastly  on  a  filter,  till  every  trace  of 
soluble  barium  is  removed.  The  i)recipitate  is  dried,  ignited,  and 
weighed  as  usual,  multiplied  by  10,  and  calculated  to  H2SO4  and  noted 
as  '•  total  sulphuric  acid."  Lastlj^,  lOOcc.  are  evaporated  to  dryness  over 
the  water  bath  in  a  tarred  i^latinum  dish  holding  120cc.  and  furnished 
with  a  cover  of  platinum  foil,  also  tarred.  When  dry  the  dish  is  covered 
and  heated  over  a  Bunsen  till  all  fumes  cease,  and,  a  fragment  of  pure 
ammonium  carbonate  having  been  added,  the  whole  is  again  ignited  and 
weighed.  The  amount  of  potassium  sulphate  found  is  multiplied  by  10 
and  calculated  to  H2SO4  and  noted  as  '^combined  sulphuric  acid." 

OTHER  METHODS. 

Liebschlitz^  has  described  a  method  for  the  examination  of  butter 
and  oleomargarine,  being  a  modification  of  David's  process.- 

The  fatty  acids  are  saponified  by  baryta  in  alcoholic  solution.  The 
alcohol  is  evaporated  and  the  glycerine  washed  out.  The  excess  of 
baryta  is  removed  by  exactly  neutralizing  with  sulphuric  acid  and  fil- 
tering. The  residue,  however,  is  not  merely  a  mixture  of  glyceiiue  and 
water.  The  addition  of  alcohol  in  excess  throws  down  a  considerable 
quantiiyof  salts  which  have  remained  in  solution.  The  alcohol  is  again 
evaporated  and  the  glycerine  obtained,  dried,  and  weighed.  Pure  but- 
ter yields  about  13.7  percent,  of  glycerine  in  ^his  way,  whih^  oleomar- 
garine yields  only  7  per  cent.  The  glycerine  from  butter  when  ignited 
left  about  5  per  cent,  ash  (barium)  while  that  from  oleo  left  only  .0  to  .0 
per  cent. 

RESULTS  OF  HANSSEN'S  INVESTIGATIONS. 

Dr.  August  Hanssen '  has  made  a  comparative  study  of  the  more 
important  methods  of  analysis  mentioned  in  the  foregoing  pages  and 
has  reached  the  following  conclusions: 

(1)  The  dctcrmiuatiou  of  the  mcltiug-poiuts  of  the  different  fats  is  to  be  strongly  rec- 
ommended. 

'Analyst,  If  85,  p.  Ill,  ct  seq. 

2Compt.  Rend.,  188G,  vol.  XCIV,  p.  1427. 

3  Studien  liber  den  chemischeu  Nacliwcis  fremder  Fctto  im  Butterfette,  x>.  34. 
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(2)  The  elementary  analysis  of  the  fats  gives  uo  indication  whether  adulteration  has 

been  practiced  or  not. 

(3)  Batter  fat  is  not  easily  decomposed  by  heat.     With  a  rise  ot  temperature  the  de- 

composition is  at  tirst,  for  the  greater  part,  conlined  to  the  glycerides  of  the 
non-volatile  acids. 

(4)  In  the  sapouilication  of  butter  fat  by  Hehner's  method  there  is  no  appreciable 

loss  of  ethers.     There  is  also  no  loss  of  volatile  acids  in  direct  saponification  in 
alcohol. 

(5)  For  the  detection  of  foreign  fats  in  butter,  the  best  method  is  that  of  Reichert- 

Meissel,  and  next  that  of  Koettstorfer. 

(6)  For  a  comparative  test  of  the  various  methods  the  mean  for  insoluble  acid  (Heh- 

ner)  is  taken  at  87.50  per  cent.  ;  for  Koettstorfer's  equivalent  227,  and  for  Reich- 
ert-Meissel  28.8. 

(7)  The  washing  out  of  the  soluble  acids  must  not  be  carried  too  far  ;  for  2  to  2.5 

grams  of  fat  three  litres  of  water  seem  best. 

ABSORPTION  OF  BROMINE  AND  IODINE  BY  BUTTER  FATS. 

Oleic  acid  is  capable  of  absorbing  for  each  formula  molecule  oue  mole- 
cule of  bromine  or  iodine.  Stearic  acid  does  not  possess  this  property. 
Therefore  it  is  easy  to  approximately  determine  the  relative  quantities  of 
these  two  acids  whea  present  in  the  same  fat  by  the  quantity  of  the 
halogen  absorbed. 

Thus  (stearic  acid)  O13H36O2  does  not  absorb  bromine  and  iodine, 
tvhile  (oleic  acid)  does. 

I2       ,  I2 

OifiHaiO^-f  g^  =  0j8H34jg^O2. 

The  glycerides  of  the  above  acids,  i.  e.,  the  natural  fats,  have  the  same 
absorptive  power  as  the  acids    themselves. 

Mills,  Siiodgrass  &  Akitt^  have  determined  the  quantities  of  bromine 
absorbed  by  various  fixed  oils.    The  method  emploj^ed  is  as  follows : 

The  weight  of  dry  oil  taken  is  about  .1  gram ;  this  is  dissolved  in  a 
stoppered  bottle  of  lOOcc.  volume  by  50cc.  drj^  CCI4.  To  this  is  now 
added  a  solution  of  about  8  grams  per  litre  of  bromine  dissolved  in  CCI4. 
The  addition  of  this  reagent  is  continued  until  apermanent  coloration  is 
produced  at  the  end  of  fifteen  minutes. 

If  greater  accuracy  is  required  an  excess  of  bromine  may  be  added, 
afterwards  treated  with  a  solution  of  KI  and  some  starch,  and  titrated 
with  a  standard  solution  of  sodium  thiosulphate. 

The  excess  of  bromine  may  also  be  determined  by  titration  ^Yith  a 
standard  solution  of  /i-naphthol  in  COI4 

HiibP  has  described  the  reactions  of  fats  Avith  iodine. 

The  reagents  employed  are  an  alcoholic  solution  of  iodine  and  HgCl25 
ill  the  proportion  I2:  HgO]2. 

The  iodine  is  dissolved  (25  grams)  in  absolute  alcohol  (oOOcc.)  The 
mercuric  chloride  is  also  dissolved  (30  grams)  in  nearly  absolute  alcohol 

^  Journ.  Soc.  Chem.  Industry,  vol.  2,  p.  435,  and  vol.  3,  p.  366. 
=  Ding.  Poly.  J.,  vol.  243,  p.  281. 
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(500cc.).  After  filtering  it  i.s  added  to  the  soUitiou  of  iodine.  After  staud- 
iDg  twelve  hours  its  iodine  strength  is  determined  by  titration  with  deci- 
iiormal  solutions  of  sodium  thiosulphate.  From  .8  to  1  gram  of  the  fat  is 
dissolved  in  lOcc.  chloroform.  To  this,  in  a  stoppered  bottle,  is  added  the 
solution  of  iodo  mercuric  chloride  (20  to  30cc.)  After  standing  for  two 
hours  the  solution  must  still  be  brown. 

Add  now  10  to  locc.  10  i^er  cent,  water  solution  of  KI  and  dilute  with 
water  to  150cc.  The  free  iodine  is  then  determined  by  standard  thio- 
sulphate of  sodium.  The  compound  formed  when  pure  oleic  acid  is 
treated  as  above  is  chloro-iodo-oleic  acid  (OJ8II34ICIO2). 

Moore ^  has  tried  Hiibl's  method  and  finds  it  valuable. 

The  fat  of  butter  containing  less  oleic-giycijrides  than  the  fats  ordi- 
uarily  used  as  adulterants  for  butter  shows,  consequently,  less  bromine 
or  iodine  absorption : 


Kind  of  fdt. 

A.bsorption  of 
bromine. 

i 
Absorption  of  i 
iodine. 

Butter  fat 

rcr  cent. 
24.  5  to  27.  9 
37.3 

Per  cent. 

26.   to  35. 

50.         61.9 

40. 

105.       109.- 

8.9 

Lard      

Tallow 

Cotton-seed  oil 

Cocoanut  oil 

50. 
5.7 

The  method  is  therefore  of  value  in  determining  the  nature  of  thefiit 
under  examination. 

If  there  be  a  mixture  of  two  fats  i\iQ.  methods  will  also  give  a  fairly 
good  approximation  of  the  percentages  of  each. 

Thus,  let  X  be  the  percentage  of  one  fat  and  7/of  the  other. 

Then— 

x-\-  7/= 100 

Let  m  be  the  representative  of  the  iodine  absorption  of  x  and  n  ofy, 
and  let  A  be  the  number  found  for  the  mixture. 
Then— 

100  [A  — 11) 


X  =■ 


m — n 


Jones^  points  out  the  changes  which  butter  fats  undergo  when  kept 
for  a  long  while  at  a  high  temperature.  He  notices  in  a  few  hours  that 
the  specific  gravity  of  such  a  fat  kept  at  100^  F.  increased  from  012.1 
to  912.0.  He  uses  the  following  method  of  estimating  the  insoluble  fatty 
acids : 

TwEAGEXTS. 

(a)  Twcnty-eiglit  grams  ronglily  weigliea  of  the  best  potassium  hydrate  dissolved  to 

a  litre  with  alcohol,  specific  gravity  .840. 
(6)  Twenty-five  grams  of  strong  sulphuric  acid  made  up  to  a  litre  of  distilled  water, 
(c)  Decinormal  soda  solution  of  exact  strength. 

Saponification  is  carried  on  in  flasks  about  250cc.  capacity.  About  5 
grams  of  butter  fat  are  used  for  each  sai)onification.     The  alcoholic 


Am.  Chciu.  Jour., 
'■  Analyst,  1878,  pp. 


vol.  ('.,  p.  41G. 
19  ci  scq. 
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potash  is  measured  by  50cc.  pipette,  wliicli  is  allowed  to  drain  into  eacli 
flask  for  exactly  the  same  length  of  time.  The  flasks  are  closed  with 
glass  marbles,  placed  upon  the  water  bath  and  saponified  at  a  tempera, 
ture  of  about  50^  C.  After  perfect  solution  has  taken  place  they  are 
allowed  to  remain  for  an  hour  or  two  and  then  diluted  with  slightly 
warmed  distilled  water.  Into  each  flask  and  likewise  into  two  beakers 
containing  50cc.  of  the  alcoholic  potash  are  now  run  about  Ice.  of  the 
approximately  semi-normal  acid  more  than  is  necessary  to  neutralize 
the  50cc.  of  alcoholic  potash.  The  excess  of  the  acid  over  the  potash  is 
afterwards  determined  by  the  deciuormal  soda.  The  flasks  after  the 
addition  of  the  acid  are  nearly  filled  with  water  and  gently  agitated,  then 
placed  on  the  water  bath  until  the  fatty  acids  form  a  clear  stratum. 
They  are  then  allowed  to  cool  and  stand  over  night.  On  the  following 
morniug  the  solutions  from  the  cakes  of  fat  are  poured  into  a  filter. 
When  the  whole  sol-ution  is  on  the  filter  the  flasks  are  rinsed  with 
15  to  20cc.  of  cold  distilled  water,  and  when  this  is  poured  off  about  150cc. 
of  hot  water  are  added  and  the  flasks  briskly  shaken  for  a  minute  or  two. 
Two  good  washings  with  hot  water  are  believed  to  be  enough.  The 
filtrates  are  now  treated  with  the  deciuormal  soda,  the  amount  for  the 
excess  of  sulphuric  acid  deducted,  the  remainder  being  the  index  of  the 
soluble  acids  of  the  butter,  which  are  calculated  as  butyric  acid. 

The  insoluble  fatty  acids  in  the  flasks  and  the  small  amount  that  may 
have  passed  on  to  the  filter  paper  are  allowed  to  remain  until  the  fol- 
lowing day,  by  which  time  the  latter  become  air-dried  and  in  a  fit  state 
to  rinse  with  ether.  The  fat  in  the  flasks  is  then  melted  and  poured, 
together  with  the  rinsings  of  the  ether,  into  counterpoised  dishes  with 
perpendicular  sides,  about  3  inches  across  and  1^  inches  deep,  and  the 
filter  papers  are  also  thoroughly  washed  with  ether,  the  funnels  being 
covered  during  the  process.  After  the  evaporation  of  the  ether  a  little 
'absolute  alcohol  is  added,  the  dishes  dried  in  the  water-bath  for  half  an 
hour,  cooled,  and  weighed.  Afterwards  they  are  again  dried  for  twenty 
minutes  and  re  weighed. 

For  a  more  convenient  method  of  manipulating  fatty  acids,  Blyth^ 
has  recommended  the  following: 

The  flask  in  which  the  saponification  is  made  should  be  of  300  to  400cc. 
capacity,  with  a  rather  long  and  narrow  neck,  furnished  with  an  accu- 
rately fitting  stopper,  through  which  two  tubes  pass,  one  provided  with 
a  stopcock  to  let  out  the  liquid,  and  tberefore  terminating  on  a  level 
"With  the  interior  surface  of  the  stopper,  the  other  to  let  in  the  air,  pro- 
longed to  nearly  the  bottom  of  the  flask  and  externally  bent  siphon- 
like. The  fat  is  saponified  in  the  flask  and  the  soap  decomposed  in  the 
usual  way ;  when  this  is  eft'ected,  the  stopper  is  inserted,  and  the  flask 
is  turned  upside  down  and  kept  in  that  position  during  the  entire  wash- 
ing process.  Directly  the  whole  of  the  ftit  has  risen  to  the  surface  the 
lower  liquid  is  run  ofl",  whilst  hot  or  cold  water  is  introduced  by  opening 

I  Analyst,  1878,  p.  112. 
19330— No.  13 5 
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the  stopper  under  the  water  aud  siiuultaueoiisly  suckiog  at  tbe  syphoii. 
Thus  all  waiting  for  the  fat  to  cool  is  discarded,  aud  reasonable  quan- 
tity of  water  can  be  rapidly  used  to  thoroughly  wash  the  fatty  acids^ 
and  a  filter  is  not  required. 

DETERMINATION  OF   SOLUBLE  AND  INSOLUBLE  FAT  ACIDS. 

METHOD   ADOPTED   BY   ALLEN. ^ 

(a).  Dissolve  14  grams  of  good  stick-potash  in  500cc.  of  rectified  spirit,  or  methylated 
spirit  which  has  been  redistilled  with  caustic  alkali,  and  allow  the  lif|uid  to  stand 
till  clear.     This  solution  will  he  approximately  semiuormal. 

(&).  A  standard  hydrochloric  or  sulphuric  acid  of  approximately  seminormal 
strength. 

(c).  Accurately  prepared  decinormal  caustic  soda.  Each  l.Occ.  contains  .0040  grams 
of  NaOH  and  neutralizes,  .0088  grams  of  butyric  acid,  C4IISO-2. 

A  quantity  of  the  butter  fat  (separated  from  water,  curd,  and  salt,  as  described  on 
page  15-2)  is  melted  in  a  small  beaker,  a  small  glass  rod  introduced,  aud  the  whole 
allowed  to  cool,  aud  then  weighed.  It  is  remelted,  stirred  thoroughly,  and  about  5 
grams  poured  into  a  strong  6-ouuce  bottle.  The  exact  weight  of  fat  takeu  is  ascer- 
tained by  reweighing  the  beaker  containing  the  residual  fat. 

By  means  of  a  fast-delivering  pipette  oOcc.  measure  of  the  alcoholic  potash  (solution 
a),  is  run  iuto  the  bottle,  aud  the  pipette  drained  exactly  thirty  seconds.  At  the 
same  time  another  quantity  of  50cc.  is  measured  oif  in  an  exactly  similar  manner  into 
an  empty  tlask. 

The  bottle  is  fitted  with  an  iudia-rubber  stopper,  which  is  tightly  wired  down,  and 
is  XDlaced  in  the  water-oven,  and  from  to  time  removed  aud  agitated,  avoiding  contact 
between  the  liquid  aud  the  stopper.  In  about  half  an  hour  the  liquid  will  appear 
perfectly  homogeneous,  and  when  this  is  the  case  the  saponification  is  complete,  and 
the  bottle  may  be  removed.  When  sufficiently  cool,  the  stopper  is  removed,  and  the 
contents  of  the  bottle  rinsed  with  boiling  water  iuto  a  fiask  of  about  250cc.  capacity, 
which  is  placed  over  a  steam  bath,  together  with  the  flask  coutainiug  merely  alco- 
holic potash,  until  the  alcohol  has  evaporated. 

Into  each  of  the  two  liasks  is  now  ruu  about  Ice.  more  seminormal  acid  (solution  h) 
than  is  required  to  neutralize  the  potash,  and  the  quantity  used  accurately  noted. 
The  flask  containing  the  decomposed  butter  fat  is  nearly  filled  with  boiling  water, 
a  cork  with  a  long  upright  tube  fitted  to  it,  and  the  whole  allowed  to  stand  on  the 
water-bath  until  the  separated  fatty  acids  form  a  clear  stratum  on  the  surface  of  the 
liquid.  Wheu  this  occurs  the  flask  and  contents  are  allowed  to  become  perfectly 
cold. 

Meanwhile  the  blank  experiment  is  completed  by  carefully  titrating  the  contents 
of  the  flask  with  the  decinormal  soda,  a  few  drops  of  an  alcoholic  solution  of  phenol- 
phthalein  being  added  to  indicate  the  point  of  neutrality. 

The  fatty  acids  having  quite  solidified,  the  resultant  cake  is  detached  by  gently 
agitating  the  flask,  so  as  to  allow  the  liquid  to  be  poured  out,  but  avoiding  fracture 
of  the  cake.  The  liquid  is  passed  through  a  filter  to  catch  any  flakes  of  fatty  acids? 
and  is  collected  in  a  capacious  flask.  If  any  genuine  butter  be  contained  in  the  sam- 
ple, the  filtrate  will  have  a  marked  odor  of  butyric  acid,  especially  on  warming. 

Boiling  water  is  next  poured  into  the  flask  coutainiug  the  fatty  acids,  a  cork  and 
long  glass  tube  attached,  and  the  liquid  cautiously  h-eated  till  it  begins  to  boil,  when 
the  flask  is  removed  and  strongly  agitated  till  the  melted  fatty  acids  form  a  sort  of 
emulsion  with  the  water.  When  the  fattj'  acids  have  agaiu  separated  as  an  oily  layer, 
the  contents  of  the  flask  should  be  thoroughly  cooled,  the  cake  of  fatty  acids  detached, 

'  Commercial  Organic  Aualysis,  vol.  2,  2d  ed.,  pp.  156  et  seq. 
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iitict  the  liquid  filtered  as  before.  This  process  of  alternate  waslii-jgs  in  tlie  flask  by 
agitation  witli  boiling  water,  followed  by  cooling,  and  filtration  of  the  wash-water, 
is  repeated  three  times,  the  washings  being  added  to  the  first  filtrate.  It  is  often 
difficult  or  impossible  to  obtain  xhe  wash-water  wholly  free  from  acid  reaction,  but 
when  the  operation  is  judged  to  be  complete  the  washings  maybe  collected  separately 
and  titrated  with  decinormal  soda.  If  the  measure  of  this  solution  required  for  neu- 
tralization does  not  exceed  0.2cc.  further  washing  of  the  fatty  acids  is  unnecessary. 

The  mixed  washings  and  filtrate  are  next  made  up  to  l,000cc.,  or  some  other  definite 
measure,  and  an  aliquot  part  carefully  titrated  with  decinormal  soda  (solution  c).  The 
volume  required  is  calculated  to  the  whole  liquid.  The  number  so  obtained  repre- 
sents the  measure  of  decinormal  soda  neutralized  by  the  soluble  fatty  acids  of  the  but- 
ter fat  taken,  plus  that  corresponding  to  the  excess  of  standard  acid  used.  This  last 
will  have  been  previously  ascertained  by  the  blank  experiment.  The  amount  of  soda 
employed  in  this  is  deducted  from  the  total  amount  required  by  the  butter  fat  quan- 
tity, when  the  difference  is  the  number  of  cubic  centimeters  of  standard  soda  corre- 
sponding to  the  soluble  fatty  acids.  This  volume  multiplied  by  the  factor  0.00S8  gives 
the  butyric  acid  in  the  weight  of  butter  fat  employed.  ^ 

The  flask  containing  the  cake  of  insoluble  fatty  acids  is  thoroughly  drained  and 
then  i)laced  on  the  water-bath  to  melt  the  contents,  which  are  poured  as  comj)letely 
as  possible  into  the  (wet)  filter,  through  which  the  aqueous  liquid  was  previously 
passed.  The  fatty  acids  are  then  washed  on  the  filter  with  boiling  water,  to  remove 
the  last  traces  of  sparingly  soluble  acids.  The  filter  is  then  placed  in  a  small  dry 
beaker  and  treated  in  the  manner  described  on  page  38,  the  main  quantity  of  fatty 
acids  and  the  supplementary  x)ortion  subsequently  dissolved  out  of  the  flask  and  filter 
being  weighed  separately.'^ 

When  it  is  only  required  to  determine  the  insoluble  acids  of  butter  fat  the  foregoing 
tedious  mode  of  oi^erating  may  be  avoided  by  diluting  the  soap  solution  obtained  by 
saponifying  5  grams  of  the  fat  till  it  measures  about  300cc.  The  large  excess  of  alkali 
is  then  neutralized  by  cautious  addition  of  hydrochloric  acid,  and  the  hot  solution 
treated  with  a  slight  excess  of  barium  chloride  or  magnesium  sulphate.  The  precip- 
itated barium  or  magnesium  soap  is  well  washed  with  hot  water,  and  then  rinsed  off 
the  filter  into  a  separator,  where  it  is  decomposed  by  dilute  hydrochloric  acid.  The 
resultant  layer  of  insoluble  fatty  acids  is  washed  by  agitation  several  times  with  warm 
water,  and  is  then  treated  as  directed  on  page  38. 

In  the  analysis  of  butter  fat,  the  sum  of  the  insoluble  fatty  acids  by  weight  and  of 
the  soluble  fatty  acids,  calculated  as  but^-ric  acid,  should  always  amount  to  fully  94 
per  cent,  of  the  fat  taken.  In  the  author's  own  experience  the  sum  more  frequently 
approaches  or  even  exceeds  95  per  cent.,  especially  if  the  butter  be  adulterated. 

The  soluble  fatty  acids,  calculated  as  butyric  acid,  should  amount  to  at  least  5  per 
cent.,  any  notably  smaller  proportion  being  due  to  adulteration.-^    The  insoluble  fiitty 

'  Thus,  suppose  an  experiment  to  have  given  tlie  following  figures:  Weight  of  butter 
fat  taken,  5.120  grams;  decinormal  soda  required  in  the  blank  experiment,  3.90cc. ; 
decinormal  soda  required  to  neutralize  oue-fifth  of  the  solution  of  the  soluble  fatty 
acids,  C.'25cc. ;  then 

.008  (31.25  —  3.9)  x  100 

5~190 ~  ^-"^^  P^^'  cent. 

-Instead  of  weighing  the  insoluble  fatty  acids,  W.  F.  Perkins  has  proposed  to  dis- 
solve them  in  alcohol,  and  titrate  with  standard  alkali  in  the  manner  described  on 
page  76.  The  objection  to  this  plan  is  the  somewhat  variable  character  of  the  fatty 
acids  themselves.  Calculating  their  neutralizing  power  on  the  assumption  that  they 
are  wholly  stearic  acid,  Perkins  found  92.0  and  91.7  percent,  of  insobible  acids  in 
pure  butter  fat.  Calculated  to  oleic  acid  these  figures  would  not  be  materially  mod- 
ified, but  their  equivalents  in  palmitic  acid  are  83.3  and  83.0  percent,  respectively. 

/'According  to  J.  Bell,  the  proportion  of  soluble  acids  calculated  as  butyric  acid 
not  unfrequcntly  falls  as  low  as  4..5,  and  the  percentage  of  insoluble  acids  sometimes 
slightly  exceeds  89.0. 
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acids  from  genuine  butter  fat  rarely  exceed  83|  per  cent.,  occasionally  reacliing  89 
per  cent.,  but  a  sample  ought  scarcely  to  be  regarded  as  certainly  adulterated  nnless 
the  insoluble  acids  exceed  89J  per  cent.  As  a  standard  for  calculation  88  per  cent. 
of  insoluble  acids'  may  be  regarded  as  a  fair  average,  the  soluble  acids  being  taken 
at  5^-  per  cent. 


Allen,  ill  a  later  coiitributioa  to  the 


iterature  of  Keichert's  metliod, 


says:=* 

A  further  experience  in  the  employment  of  Keichert's  process  for  examining  fats 
has  led  me  to  abandon  the  expression  of  the  results  in  terms  of  butyric  acid,  in  favor 
of  a  statement  of  the  weight  of  caustic  potash  neutralized  by  the  distillation  from 
100  grams  of  the  oil.  This  is  obtainable  by  multiplying  the  volume  of  decinormal  al- 
kali neutralized  by  the  distillate  from  2.5  grams  by  the  factor  0.2244.3 

The  following  table  contains  a  number  of  results  expressed  in  both  ways  : 


C.  C.  of  ^ 

alkali  re- 
quired by  2.5 


KOH  re- 
quired by 
100    part's 
of  oil. 


Observer. 


Butter  or  milk  fat ; 

Cow's 

Ewe's 

Goat's 

Porpoise's 

Cocoanut  oil 

Palm-nut  oil 

Palm  oil 

Cacao  butter 

Butterine  and  oleomargarine 
"Whale  oil 

Do 

Porpoise  oil 

Sperm  oil 

Bottle-nose  oil 

Menhaden  oil 

Cod-liver  oil 

Sesame  oil 

Cottou-seed  oil 

Castor  oil 


12.  5  to  15.  2 

13.7 

13.6 

11.3 

3.  5  to    3.  7 

2.4 

0.8 

l.G 

1.  G 

3.7 

12.5 

12.0 

1.3 

1.4 

1.2 

1.1  to    2.1 

2.2 

0.3 

1.4 


0.  2  to 
11.  0  to 


2.  80  to  3.  41 
3.07 
3.  05 
2.51 

0.  78  to  0.  83 
0.54 
0.18 
0.  3G 

0.  04  to  0.  30 
0.83 
2.80 

2.  47  to  2.  CO 
0.20 
0.31 
0.27 

0.  24  to  0.  47 
0.48 
0.07 
0.31 


Eeichert,  Caldwell,  Moore,  Allen,  &c. 
Schmitt. 

Do. 
Allen. 

Pojchert,  Moore,  Allen. 
Allen. 
Moore. 

Do. 
Caldwell,  Moore,  Allen. 
Allen. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Moore. 
Allen. 


From  these  results  it  is  evident  that  the  fats  of  different  kinds  of  milk  (batter  fats)  are 
sharply  distinguished  from  nearly  all  other  fats  by  the  large  proportion  of  soluble  vola- 
tile fatty  acids  they  yield  by  Keichert's  process.  The  most  remarkable  exception  is 
presented  by  porpoise  oil  and  some  samples  of  whale  oil.  In  iiorpoise  oil  I  have  found 
5  per  cent,  of  valeric  acid,  and  Chevreul  obtained  as  much  as  9.G3  per  cent.  In  a  re. 
cent  paper  I  pointed  out  that  in  porpoise  butcer  the  glyceride  of  valeric  acid  appeared 
to  replace  the  butyrin  characteristic  of  the  butter  of  terrestrial  mammals. 

Some  of  the  chemists  who  have  employed  Eeichert's  process  take  the  precaution  to 
filter  the  distillate  before  titrating  it,  so  as  to  get  rid  of  any  volatile  acids  which  may 
be  insoluble  or  very  sparingly  soluble  in  water.  This  plan  may  sometimes  be  adopted 
with  great  advantage.  Thus  when  the  solution  of  the  soap  obtained  by  saponifying 
cocoanut  or  palm-nut  oil  is  acidulated  and  distilled,  a  notable  proportion  of  lauric 
acid  passes  over  and  solidifies  in  the  condenser  or  on  the  surface  of  the  distillate ;  and 


^The  percentage  of  adulterant  in  a  butter  fat  may  be  calculated  from  the  following 
formula,  in  which  F.  is  the  percentage  of  foreign  fat  and  1  that  of  the  insoluble  fatty 
acids:  F=  (l-88)xl3.3.  Or  each  0.1  per  cent,  of  soluble  acids  above  0.5  may  be  re- 
garded as  showing  the  presence  of  2  per  cent,  of  butter  fat. 

2 Analyst,  1887,  pp.  11  et  seq. 


3  1  CO.  of  ^  alkali  contains  0.005GI  gram  of  KOH 
10  '=' 


and 


.00.561  X  100 
2.5 


=  .2244 
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by  adcliug  water  to  the  conteuts  of  the  retort,  agaiu  distilling,  and  relocating  this 
process  several  times,  a  very  considerable  proportion  of  volatile  fatty  acids  can  be 
obtained  from  cocoauut  oil.  In  assaying  butter,  the  appearance  of  insoluble  acids  in 
the  distillate  would  furnish  a  valuable  indication  of  the  presence  of  cocoanut  oil,  and 
they  should  be  removed  by  filtration,  or  the  distillate  will  be  found  to  neutralize  so 
large  a  volume  of  alkali  as  considerably  to  diminish  the  practical  value  of  the  process 
as  a  means  of  distinguishing  butter  from  butter  substitutes,  as  has  been  pointed  out 
by  Moore  and  others.  Latterly,  I  have  adopted  the  plan  of  filtering  tlie  distillate  in 
all  cases,  washing  the  filter  with  cold  water,  and  then  immersing  the  filter,  with  any 
adhering  insoluble  acids,  in  alcohol,  which  is  then  titrated  with  decinormal  alkali 
and  phenol-phthalein.  In  the  case  of  ordinary  butters  and  butter  substitutes  the  in- 
sohible  volatile  acids  only  neutralize  about  0.2cc.  of  decinormal  alkali. 

Tbe  question  having  recently  been  raised,  the  following  experiments  were  made  at 
my  request  by  Mr.  William  Barraclough  on  a  samx)le  of  butter  fat,  in  order  to  ascer- 
tain the  variation  in  the  results  of  Roichert's  process  produced  by  modifications  in  the 
methods  of  conducting  the  saponification  and  distillation: 

(1)  Two  and  a  half  cubic  centimeters  of  butter  fat  was  saponified  by  alcoholic  potash 
in  an  open  basin,  the  alcohol  evaporated  off  completely  at  a  steam  heat,  the  residual  soap 
dissolved  in  water,  the  solution  acidulated  with  sulphuric  acid  in  slight  excess,  di- 
luted to  75cc.  and  distilled  gently  in  a  globular  flask  with  side  tubulure  adapted  to  a 
condenser  until  50cc.  had  passed  over.  The  flask  held  460cc.  up  to  the  side  tube,  and 
some  fragments  of  pumice-stone  coiled  round  with  platinum  wire  were  added  to  the 
contents  to  promote  evolution  of  vapor. 

(2)  An  exact  repetition  of  No.  1  experiment. 

(3)  Saponification  was  effected  in  a  flask  furnished  with  a  long  tube  and  heated  by 
steam.     The  subsequent  manipulations  were  the  same  as  in  experiment  1. 

(4)  Saponification  was  effected  in  a  well-closed  bottle  placed  in  the  water  oven. 
Other  maniijulations  unchanged. 

(5)  Manipulation  exactly  as  in  experiment  3,  except  that  the  distillation  was  con- 
ducted in  a  flask  fitted  to  the  condenser  by  a  cork  and  bent  tube. 

(6)  Conducted  as  in  experiment  3,  except  that  the  distillation  was  conducted  in  a 
retort. 

(7)  Blank  experiment  with  the  alcoholic  potash  employed  in  the  previous  experi- 
ments, the  manipulation  being  that  in  experiment  3.  The  alcoholic  potash  was 
brown  and  not  very  recently  prepared. 


Exjjenments. 

Decmormal 
alkali   for 
2.5  grams. 

No   1                                                                                                                   

cc. 

11  80 

No.  2 

11  85 

No.  3 

12.40 

No.  4 ,       .              

12  50 

No.  5 

12.40 

No.  6     ..       .                 .                                                                .              

12  45 

No.  7 

0.25 

These  results  show  that  a  sensible  loss  occurs  if  the  saponification  bo  conducted  in 
an  open  basin,  doubtless  owing  to  the  formation  of  butyric  ether.  On  the  other  hand, 
the  exact  nature  of  the  distilling  apparatus  appears  to  be  of  little  importance.  This 
latter  conclusion  is  not  in  accordance  with  the  experience  of  some  other  chemists. 

Zulkowsky  and  Groger^  have  studied  and  modified  Haussman's 
method^  of  volumetric  fat  aualysis.     This  method  is  based  on  the  fact 

1  Ber.  Chem.  Gesel.,  vol.  16,  p.  1140. 

2 Ding.  Poly.,  J.,  vol.  244,  p.  303,  and  vol.  246,  p.  286. 
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tliat  an  alcoholic  solution  of  a  fat  acid  is  immediately  saponified  by  the 
addition  of  alcoholic  potash,  while  a  neutral  fat  requires  time  and  heat 
to  secure  complete  saponitication. 

When,  therefore,  an  alcoholic  solution  of  fat  acids  and  neutral  fats  to 
Tvliich  phenol-phthalein  has  been  added  is  titrated  with  caustic  potashi 
the  red  color  only  appears  w  hen  the  fat  acids  are  saponified,  and  only 
comes  permanently  when  all  the  fats  are  saponified.  When  the  red 
color  appears  an  excess  of  caustic  potash  is  added  and  the  whole  boiled  for 
half  an  hour  to  saponify  all  the  neutral  fats  and  retitrated,  whereby  the 
amount  of  caustic  potash  required  to  effect  the  saponification  of  all  the 
fats  is  ascertained,  and  the  quantity  of  potash  required  for  each  titra- 
tion represents  the  relative  proportion  of  fat  acids  and  neutral  fats  in 
the  mixture  operated  on.  When  a  neutral  fat  is  saponified  the  follow- 
ing reaction  takes  place : 

C3H,(0,H,„_,O,)3+3  KOH=:03H,  (OH)3+3  K  (C,H,„_A) 

and  therefore  every  litre  of  normal  potash  splits  up  one-third  equivalent 
of  glycerine,  i.  e.,  30.G67  grams.  One  cubic  centimeter  normal  potash  is 
therefore  equivalent  to  0.030667  gram  glycerine.  The  theoretical  yield 
of  fat  acids  could  also  be  calculated  by  the  following  formula : 

O3H5  (C„H,„_,0,)3=C3HAH,„_,0,. 

Then  one  litre  normal  potash  represents  one-third  equivalent  of  gly- 
cerine residue,  or  12.667  grams.  If  5cc.  normal  potash  have  been  em- 
ployed the  weight  of  the  glycerine  residue  would  be  .012667x5. 

F.  W.  A.  WolP  gives  the  results  of  his  studies  with  butter  and  artifi- 
cial butter. 

Mixtures  of  pure  butter  with  "oleo  oil"  were  made  and  examined  by 
the  methods  of  Koettstorfer  and  Eeichert,  and  the  results  compared 
with  theory.     The  following  numbers  were  obtained :     • 


Per  cent,  but- 
ter. 

Koettstorfer. 

Eoicliert. 

■ 

Calculated. 

Found. 

Difference. 

Calculated. 

Found. 

Difference. 

20 

40 

mg. 
200.  8 
206.2 
208.5 
211.5 
217.7 

■mg. 
201.  4 
207.  3 
209.  0 
212.7 
215.6 

mg. 
+0.6 
+1.1 
+0.5 
+  1.2 
-2.1 

cc. 

2.98 
5.81 
6.55 
8.65 
10.  37 

3.11 
6.-39 

7.08 

9.00 

]1.56 

cc. 

+  0.13 
+  0.  58 

50 

60 

+  0.53 
f  0.41 

80 

+  1.19 

1 

1.1 

0.57 

Note. — It  is  very  easy  to  get  exact  results  by  the  above  method  of  mixture.  But- 
ter and  au  oil  are  used  whose  behavior  with  the  reagents  employed  was  deterraioed 
by  preliminary  experiment.  The  case  is  very  diiferent  when  the  analyst  is  called  on 
to  examine  an  tmJcnown  sample.  The  butter  in  an  unknown  sample  may  have  quite 
a  different  per  cent,  of  volatile  acid  from  that  used  in  the  samples  given.  The  vakie 
of  this  method,  therefore,  is  seriously  impaired  for  determining  the  extent  of  adul- 
terations in  case  where  the  separate  examination  of  the  constituents  is  impossible. 

iZeit.  Anal.  Chem.,  1884,  p.  28,  and  Am.  Chem.  Jour.,  vol.  9,  p.  62. 
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The  aiitlior  gives  a  table  of  the  analyses  of  37  samples  of  batter  and 
butter  substitutes  giv^iug  the  percentage  of  water,  the  specific  gravity 
at  370.7  C,  the  melting  point  determined  by  the  method  of  Blyth,  the 
milligrams  of  XOH  required  in  Koettstorfer's  method  and  of  cubic  centi- 
meters by  Eeichert's  method.^ 

The  author  concludes  that  the  melting  point  is  of  no  value  in  discrim- 
inating between  pure  and  false  butters,  but  the  specific  gravity,  the  sa- 
ponification process,  and  the  distillation  of  the  volatile  acid  are  sufficient 
to  distinguish  at  once  between  the  true  and  the  false. 

The  oleo  oil  employed  had  a  mean  specific  gravity  at  37^.7  C.  of 
0.903G9  and  its  melting  point  was  27o.6  0.  The  "neutral"  had  a  specific 
gravity  of  0.9053  and  a  melting  point  of  38o.l  C. 


BEHAVIOR  OF  COCOANUT  OIL  WITH    SOME   OF  THE  METHODS  USED  IN 
ANALYSIS  OF  BUTTER  FATS. 

R.  W.  Moore,  in  a  paper  read  before  the  American  Chemical  Society, 
September  18,  1885,^  calls  attention  to  cocoannt  oil  as  a  substitute  for 
butter.  He  gives  its  fusing  point  at  21^.2  C.  to  24^.3  C,  and  calls  at- 
tention to  the  fact  that  its  specific  gravity  is  higher  than  that  of  butter 
fat.  It  is  also  noticed  that  the  insoluble  acids  in  butter  fats  may 
sometimes  amount  to  as  much  as  90  per  cent.^ 

The  author  has  found  that  cocoanut  oil  yielded  86.43  ])ev  cent,  insol- 
uble acids,^  and  thus  infers  that  it  could  be  mixed  with  other  fats  and 
escape  detection  by  this  method,  calling  attention  to  the  fact,  however, 
that  if  the  soluble  acids  be  estimated  according  to  the  method  of  Dupre^ 
the  sophistications  might  at  once  appear. 

The  low  figures  obtained  are  ascribed  to  the  volatility  of  lauric 
acid  which  escapes  on  drying  the  insoluble  fats.  By  Koettstorfer's  pro- 
cess the  number  of  milligrams  potash  necessary  to  saponify  one  gram 
cocoanut  oil  was  found  to  be  257.3  to  258.3*^'  the  large  quantity  required 
being  due  to  the  presence  of  lauric,  caproic,  capryllic,  and  capric  acids. 
It  is,  therefore,  possible  to  mix  oleomargarine  ami  cocoanut  oil  in  such 
a  manner  as  to  i^roduce  results  similar  to  those  given  by  pure  butter. 
This  is  shown  by  the  following  figures  : 


Cocoanut  oil. 

Oleomargarine, 

Per  cent. 
49.3  + 
70.2+ 
53.1  + 
75.9+ 

Per  cent.                       Milligrams. 
50. 7  required  of  KOH  220.  0 
29.  8  required  of  KOH  234.  9 
46.  9  required  of  KOH  223.  6 
24. 1  required  of  KOH  234.  9 

1  Op.  cit.,  pp.  31,  G2, 63. 

2  Analyst,  1885,  p.  2rJ4  et  seq. 

•^ Fleisclimann  and  Vcitli,  Zeit.  Aual.  Ciiem.,  1878,  p.  287;  Kretschuiar,  Ber.  Chern. 
Gesel.,  vol.  10,  p.  2091;  Kalescliolf,  Wa.i?.  Jatiresbericlit,  1878,  p.  999;  Jehu,  Arcbiv 
derPharra.,  vol.  9,  p.  335  ;  De  la  Source,  Ibid.,  vol.  12,  p.  929. 

•'CLem.  News,  vol.  50,  p.  268. 

"Analyst,  1877,  pp.  87  aud  114. 

^Valenta,  Ding,  Poly.  J.,  vol.  249,  p.  270;  Moore,  Chera.  News,  loc.  cit. 
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The  oleomargarine  used  required  193.5  riiilligrams  KOH  per  gram.^ 
The  iodine  method  of  HiibF  was  also  tried  with  a  mixture  of  cocoanut  oil 
and  oleomargarine,  &c.,  and  numbers  obtained  which  come  within  the 
limits  for  pure  butter. 

Thus  oleomargarine  55  per  cent.  +  cocoanut  oil  45  \}Qr  cent,  required 
35.5  of  iodine  per  100  grams,  and  lard  40  per  cent.  +  cocoanut  oil  GO  per 
cent,  required  32.2  of  iodine.  In  samples  of  butter  the  iodine  numbers 
found  by  Hiibl  varied  from  26.8  to  35.1. 

By  Eeichert's  method,  however,^  the  presence  of  cocoanut  oil  mixed 

with  butter  and  oleo  is  at  once  detected.     Thus  a  mixture  of  50  per 

cent,  butter,  27.5  per  cent,  oleomargarine,  and  33.5  cocoanut  oil  gave 

by  Hehner's  method  89.50  per  cent,  insoluble  acids  j  by  Koettstorfer's 

method,  227.5  mg.  KOH  -,  by  Hubl's  method,  33.4  per  cent,  iodine  fac- 

N 
torj  by  Eeichert's  method,  8.7cc.  —  soda  solution. 

Pure  butter  requires  by  Eeichert's  method  about  13cc.,  —  alkali  to 

neutralize  the  volatile  acids  distilled  over,  while  cocoanut  oil  in  similar 
circumstances  requires  only  3.7cc.  Little  eviden  ce  is  forthcoming  in 
respect  of  the  use  of  cocoanut  oil  as  an  adulterant  of  butter.  It  has 
been  mentioned  as  an  adulterant  of  lard*  and  Dietszch^  mentions  it  as 
a  compound  of  "  Schmalzbutter."  In  attempts  to  use  it  as  an  adulterant 
of  butter  no  great  success  was  secured,  since  the  oil  not  having  been 
properly  purified  made  the  butter  unpalatable.  The  smell  and  taste  of 
the  oil  can  be  removed  by  a  patent  process  of  Jeserich  and  Meinert^ 
which  consists  in  treating  the  oil  with  superheated  steam  and  saponify- 
ing any  free  fatty  acids  by  calcined  magnesia.  The  author  closes  his 
paper  by  recommending  Eeichert's  process  as  superior  to  all  others  in 
examining  for  the  purity  of  butters. 

USE  OF  COTTON-SEED  OIL  AS  A  BUTTER  ADULTERANT. 

Ootton-seed  oil  is  used  largely  as  an  adulterant  for  lard  and  butter. 
It  has  saponification  equivalent  of  285  to  296  and  specific  gravity  at  99° 
0.  .872,  i^ure  butter  fat  at  the  same  temperature  being  .868. 

Its  further  properties  are  thus  described  by  Allen : '' 

The  oil  as  expressed  from  the  seeds  contains  in  solution,  often  to  the  extent  of  1  per 
cent.,  a  peculiar  colorin*^  matter,  which  is  characteristic  of  this  oil  and  its  seed,  and 
which  gives  the  oil  a  ruby-red  color,  sometimes  so  intense  as  to  cause  the^oil  to  appear 
nearly  black.  Grade  cotton-seed  oil  gives  a  very  bright  red  coloration  with  strong 
sulphuric  acid  (page  59).  When  boiled  with  an  alkaliue  solution,  alcoholic  potash 
being  preferable  for  laboratory  experiments,  crude  cottou-secd  oil  is  saponified,  and 
the  resultant  soap  rapidly  oxidizes  on  exposure  to  air,  with  production  of  a  fine  pur- 

1  Moore,  Am.  Chem.  J.,  vol.  6,  p.  416.  '^Nahriingsmittel  und  Getriinke,  p.  212. 

2DiDg,  Poly.  J.,  vol.  253,  p.  281.  '^Wag.  Jahresbericht,  1882,  p.  932. 

3  Zeit.  Anal.  Chem.  1880,  p.  68.  ^  Ojp.  cit.,  2d  ed.,  p.  112. 
"Analyst,  1882,  p.  193. 
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pie  or  violet  blue  coloratioa.^  This  reactiou  is  characteristic  of  crade  cotton-seed  oil. 
The  colorinjj  matter  causes  crude  cotton-seed  oil  to  produce  stains,  and  hence  is  re- 
moved by  a  process  of  reliuing.  This  is  usually  effected  by  agitating  the  crude  oil 
at  the  ordinary  temperature  wifch  10  to  15  per  cent,  of  solution  of  caustic  soda  of  1.060 
specific  gravity,  when  the  alkali  combiues  with  the  coloring  matter  and  saponifies  a 
portion  of  the  oil.  The  mixture  becomes  filled  with  black  flocks  which  deposit  on 
standing^  and  leave  the  oil  bat  slightly  colored.  The  loss  in  refining  is  usually  from 
4  to  7-^  per  cent.,  but  occasionally  amounts  to  12  or  15.  Hence  it  is  desirable,  before 
purchasing  crude  cotton-seed  oil  for  refining,  to  ascertain,  by  a  laboratory  experiment, 
what  the  percentage  of  loss  is  likely  to  be.  Frequently  the  treatment  with  alkali  is 
only  carried  far  enough  to  remove  the  majoi  part  of  the  coloring  matter,  the  oil  being 
then  boiled  with  a  solution  of  bleaching  i^owder,  and  subsequently  treated  with  di- 
lute sulphuric  acid.^ 

Refined  cotton-seed  oil  is  of  a  straw  or  golden-yellow  color,  or,  occasionaly,  nearly 
colorless.  The  density  ranges  from  .922  to  .926,  and  the  solidifying  point  from  1°  to 
10°  C.  By  subjection  to  cold  and  x^ressure  a  certain  proportion  of  steariue  is  separated, 
the  melting  point  of  the  residual  oil  being  correspondingly  lowered.  Refined  cotton- 
seed oil  is  usually  very  free  from  acid,  and  when  x^roperly  i)repared  is  of  pleasant 
taste  and  admirably  adapted  for  edible  and  culinary  purposes,  for  which  it  is  now 
extensivelj'^  employed,  both  with  and  without  its  nature  being  acknowledged.  It  is 
now  substituted  for  olive  oil  in  some  of  the  liniments  of  the  United  Statfes  Pharma- 
coi)CBia,  but  its  principal  apiilications  are  in  soap  making  and  the  manufacture  of  fac- 
titious butter. 

ESTIMATION  OF  SALT. 

The  method  employed  in  this  laboratory  since  1883  has  continued  to 
give  satisfaction,  and  can  be  recommended  as  the  best  in  use. 

From  10  to  20  grams  of  the  well-mixed  butter  or  butter  substitute 
are  placed  in  a  separatory  bulb  provided  with  a  closely  fitting  glass 
stopper.  Add  25  to  50cc.  hot  distilled  water,  and  after  shaking  well  al- 
low to  stand  for  a  few  minutes.  The  water,  which  has  dissolved  most 
of  the  salt,  is  now  drawn  off  through  the  stoppered  tube  of  the  appa- 
ratus. Fresh  hot  water  is  added  and  this  operation  repeated  until  the 
• 

^  '*  Cotton-seed  blue  "  is  stated  by  Kuhlmann  to  have  the  composition  of  C17H24O4. 
It  is  amorphous,  readily  destroyed  by  oxidizing  agents,  insoluble  in  water,  diluted 
acids,  and  alkalies,  sparingly  soluble  in  carbon  disulphide  and  chloroform,  but  more 
readily  in  alcohol  and  ether,  and  dissolves  with  purple  color  in  strong  sulphuric  acid. 
The  unoxidized  coloring  matter  of  cotton-seed  oil  has  been  recently  examined  by  J. 
Longmore,  who,  in  a  communication  to  the  author,  states  that  it  is  a  pungent  golden- 
yellow  product,  insoluble  in  water,  but  soluble  in  alcohol  and  alkaline  solutions,  and 
precipitated  from  the  latter  on  addition  of  acids.  It  dyes  well  and  perfectly  fast  on 
both  wool  and  silk. 

2  The  deposit  thus  formed,  consisting  of  coloring  and  albuminous  matters,  alkali, 
and  partially  saponified  oil,  is  technically  called  "mucilage."  It  is  decomposed  with 
a  si'ight  excess  of  acid,  and  the  resulting  dark-colored  grease  is  heated  to  a  tempera- 
ture of  120°  C.  (=250°F.)  with  concentrated  sulphuric  acid,  which  renders  insoluble 
the  coloring  matters,  &c.,  while  the  impure  fatty  acids  rise  to  the  surface.  On  distil- 
ling these  with  superheated  steam,  a  mixture  of  fatty  acids  is  obtained,  which  is  sep- 
arated into  stearic  and  oleic  acids  by  pressure.  The  "  cotton-seed  stearine"  thus  ob- 
tained is  employed  for  making  soap  and  composite  candles,  as  also  for  adulterating 
tallow,  &c. 

^This  method  of  treatment  is  economical,  but  causes  the  oil  to  acquire  an  unpleas- 
ant taste  and  smell,  which  cannot  be  removed. 
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volume  of  the  wash  water  ainoauts  to  259  to  500cc.  By  this  time  all 
the  salt  has  been  dissolved  and  separated  from  the  butter. 

Chromate  of  potassium  is  now  added  to  the  salt  solution,  and  the  titra- 
tion is  aecomplished  b}^  a  standard  silver  nitrate  solution. 

The  amount  of  NaOl  in  butter  is  also  determined  by  dissolving  the  fafc 
with  ether  or  light  i^etroleum,  and  after  incineration  of  the  curd, 
weighing  the  residual  ash,  which  is  taken  as  the  amount  of  salt  present. 
This  method  is  not  to  be  recommended  since  it  includes  the  salt  found 
in  the  other  mineral  constituents. 

SelP  gives  the  following  method  :  Ten  grams  of  butter  are  weighed 
into  a  porcelain  crucible  and  diied  at  100^  0.  for  six  hours.  The  melted 
fat,  &c.,  is  now  littered,  and  crucible  and  filter  are  washed  with  ether. 
The  filter  with  its  contents  is  then  incinerated.  The  ash  is  extracted 
with  water,  filtered,  and  the  NaCl  estimated  volumetrically  in  the  fil- 
trate. 

ESTIMATION  OF  CUKD, 

The  methods  of  estimating  curd  depend  on  tlie  i)rinciple  of  first  dry- 
ing a  weighed  portion  of  the  butter,  and  afterwards  extracting  the  fat 
with  ether  or  x)etroleum.  The  residual  mass  is  then  weighed  and  the 
curd  determined  by  loss  on  ignition.  This  process  is  carried  on  in  this 
laboratory  as  follows  : 

Five  to  ten  grams  of  butter  are  dried  at  100°  C.  for  a  few  hours  in  a 
porcelain  dish.  The  dried  fat,  &c.,  are  filtered  through  a  Gooch  cruci- 
cle,  the  contents  of  the  dish  all  brought  into  the  crucible  and  well 
washed  with  ether  or  light  petroleum.  The  filter  crucible  is  dried  for 
two  hours  and  weighed.  The  curd  is  then  determined  by  loss  of 
weight  on  ignition.  A  number  of  experiments  have  also  been  made 
to  convert  the  curd  directly  into  an  ammonium  compound  by  Kjel- 
dahl's  process.  This  method  has  not  met  with  suffi-cient  success  to 
merit  a  recommendation  to  general  use.  This  method  was  first  tried  in 
the  laboratory  in  1884. 

Babcock  finds  this  method  more  satisfactory.^  Ten  grams  of  the  fat 
are  treated  with  light  petroleum,  and  after  the  fat  solution  has  been  de- 
canted the  treatment  is  repeated.  The  purified  curd  is  then  treated  by 
Kjeldahl's  process. 

QUALITATIVE  TESTS. 

The  qualitative  tests  emploj^ed  in  the  detection  of  artificial  butter 
are  the  following: 

(1)  Microscopic  examination.  This  method  has  already  been  suffi- 
ciently described. 

(2)  Solubility  in  a  mixture  of  amyl-alcohol  and  ether. 

1  Op  cit.,  x>.  527. 

2 Fifth  Aim.  Rept.  Bd.  Control  N.  Y.  Exp.  Sta.,  p.  335. 
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The  qiiaotity  of  steariu  iu  butter  fat  is  small  compared  with  that  in 
lard>  tallow,  &c.  On  this  dilfereuce  of  constitution  Professor  Schefifer^ 
has  based  a  method  of  analysis. 

A  mixture  is  made  contaiuing  40  volumes  of  rectified  amyl-alcohol 
and  GO  volumes  ether  of  .725  specific  gravity  at  15^  0.  One  gram  of 
butter  fat  is  dissolved  iu  3cc.  of  tliis  mixture  at  26°  to  28^  C.  On  the 
other  hand,  1  gram  lard  requires  16cc.  of  the  solvent,  1  gram  tallow 
50cc.,  and  1  gram  stearin  350cc. 

For  the  experiment  take  a  test  tube  of  12cc.  capacity  and  place  in  it 
1  gram  fat,  add  3cc.  of  the  amyl-alcohol  ether  mixture.  After  tightly 
corking  the  tube  puD  it  in  a  water  bath  of  18o  0.  and  with  frequent  shaking 
bringing  the  temperature  to  28^  0.  If  the  butter  is  pure  the  solution  be- 
comes i)erfectly  clear  at  this  temperature.  If  not  clear  more  of  the 
solution  can  be  run  in  out  of  a  burette  and  the  additional  quantity  re- 
quired will  be  some  indication  of  the  quantity  or  quality  of  the  adul- 
terant which  has  been  used. 

According  to  Scheff'er,  mixtures  of  pure  butter  and  lard  gave  the 
following  data: 


Quantity 

Butter. 

Lard. 

of  mixture 
required. 

Gram. 

Gram. 

CG. 

1 

3  0 

.9 

.1 

3.9 

.8 

.2 

4.8 

.7 

.3 

5.7 

.G 

.4 

6.5 

.1 

.9 

14.4 

A  trial  of  this  method  has  shown  that  it  is  capable  of  giving  valuable 
qualitative  indications  in  respect  of  the  purity  of  the  sample  under 
examination.  I  believe  it  is  the  best  simple  test  aside  from  the  micro- 
scopic examination  capable  of  general  application  which  has  been  pro- 
posed. 

The  easiest  method  to  secure  a  certain  weight  of  fats  is  to  melt  them 
and  measure  out  from  a  pipette  1  cubic  centimeter  of  each.  The  fats 
which  do  not  melt  easily  should  be  stirred  up  thoroughly  with  a  wire, 
while  the  temperature  is  raised  from  18^  to  28^  C. 

(3)  Odor  of  the  burning  grease.^ 

(4)  The  insolubility  of  the  stearate  of  potash  in  alkaline  solutions.^ 

(5)  Insolubility  of  tallow,  lard,  &c.,  in  petroleum  ether  of  .69  specific 
gravity."^ 

(G)  The  relative  solubility  of  butter  fats  and  substitutes  therefor  in  a 
mixture  of  50  \)er  cent,  alcohol  and  6G  per  cent,  ether.^ 

1  Pharm.  Kimdscli.,  188G,  p.  248. 

^Kunstmanu.  Pharm.  Ceutralh.,  1875,  No.  9. 

"Gatelioiise,  Chem.  News,  vol.  33,  p.  297. 

^Zeit.  Anal.  Chem.,  1872,  p.  334. 

^Hussou  Zeit.  Anal.  Chem.,  1880,  p.  23G;  Filsiuger,  Pharm.  Centralh.,  1878,  p.  260. 
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(7)  Crook^  warms  half  a  gram  of  the  filtered  fat  in  a  test  tube  to  66^ 
0.,  and  adds  1.5cc.  phenol,  shakes  and  warms  in  water  bath  until  the 
liquid  is  clear.  On  standing  pure  butter  gives  a  homogeneous  solution* 
Tallow  and  lard  appear,  however,  in  distinct  layers. 

A  method  somewhat  similar  to  this  was  proposed  in  1877  by  Bach.^ 
The  apparatus  required  consists  of  a  test  tube  and  a  thermometer. 
The  reagent  is  a  mixture  of  3  volumes  ether  and  1  volume  alcohol  of 
95  per  cent,  and  1  gram  of  the  butter  or  tallow  and  put  in  the  test  tube 
with  20cc.  of  the  above  mixture,  and  this  is  placed  in  water  at  20^  0.  At 
this  temperature  pure  butter  is  completely  dissolved.  Butter,  however, 
containing  lard,  beef,  or  mutton  tallow  remains  undissolved. 

(8)  Horsely^  calls  attention  to  the  perfect  solubility  of  pure  butter  in 
ether,  and  that  it  is  not  precipitated  from  this  solution  by  methyl- 
alcohol,  while  other  common  fats  are  thus  separated  at  20°  0. 

Leuz'*  confirms  the  general  results  of  the  foregoing  process. 

(9)  BelfiekP  allows  the  fats  dissolved  in  ether  to  crystallize,  and 
distinguishes  between  them  by  their  crystalline  form. 

(10)  Paillat^  has  found  that  pure  butter  when  mixed  with  copi)er  oxide 
in  ammonia  gives  a  turquois  blue  color,  while  a  butter  adulterated  with 
margarine  (I)  gives  a  greenish  tint. 

(11 )  Dubois  and  Pade'^  point  out  that  the  addition  of  any  considerable 
quantity  of  foreign  fats  to  butter  not  only  changes  the  melting  point  of 
the  fatty  acids  obtained,  but  also  diminishes  their  solubility  in  alcohol. 

(12)  Wolkenhaar^  distinguishes  between  the  different  fats  by  means  of 
nitric  acid,  whicli  gives  to  cotton  seed  oil,  palm  oil,  lard,  sesame  oil,  and 
several  others  a  red  brown  color. 

For  a  fuller  discussion  of  most  of  these  qualitative  tests,  consult 
either  the  original  articles  or  Sell.^ 

(13)  Method  of  Mayer.^^    This  test  is  made  as  follows : 

About  O.G  gram  of  butter  fat  is  placed  in  a  test  tube  with  12cc.  water 
made  slightly  alkaline  by  a  few  drops  of  a  solution  of  2  per  cent,  soda, 
or  two  drops  of  G  per  cent,  ammonia- water.  The  tube  closed  by  the 
thumb  is  then  well  shaken,  afterwards  carried  to  a  temperature  of  37^  0. 
to  40^  0.,  with  frequent  shaking.  The  emulsion  thus  formed  is  poured 
into  a  separator^^  funnel.  The  fat  is  now  washed  several  times  with 
water  at  37^  0.  to  40^  0.,  the  wash- water  being  drawn  off  by  the  stop-cock 
so  as  to  maintain  a  constant  level  in  the  funnel.  The  fatty  matter  having 
thus- been  placed  in  contact  with  about  400cc.  water,  the  stop-cock  is  so 

i  Analyst,  1879,  p.  111. 

2Pharm.  Centralb.,  1877,  p.  166. 

3Cliem.  News,  vol.  30,  p.  135  and  154. 

''Zeit.  Anal.  Cbem.,  1880,  p.  370. 

sEep.  d.  Ver.  Anal.  Chem.,  vol.  3,  p.  383. 

^L'Aunde  Scieutifique  par  Louis  Figaier,  29th  year,  1885. 

7  Bui.  Soc.  Cbim.,  vol.  44,  p.  602. 

8Kep.  d.  Ver.  Anal.  Chem.,  vol.  3,  p.  103. 

9  Op.  ciL,  pp.  505-J3O9. 

10  Jour,  de  Pharm.  et  de  Chim.,  voL  15,  p.  97. 
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adjusted  as  to  allow  the  removal  of  the  wash-water  as  completely  as 
possible.  After  cooling,  the  fatty  matter  remainiog  on  the  sides  of  the 
funnel  is  examinea.  If  the  butter  be  pure,  there  will  be  seen  only  a 
finely-divided  mass,  but  the  addition  of  a  small  portion  of  other  fats 
will  be  revealed  by  greasy  drops,  which  can  be  seen  even  during  the 
progress  of  the  washing,  i^atural  butters  made  in  summer  require  a 
lower  temperature  for  the  washing,  viz,  35°  0.  to  37°  0. 

In  most  cases  the  microscopic  test  with  polarized  light  and  selenite 
plate  combined  with  the  solubility  of  the  fat  in  the  ether  amyl-alcohol 
solutions  will  be  found  sufficient  for  the  qualitative  examination  of  a 
suspected  butter. 

KESULTS  OF  ANALYSES  OF  GENUINE  AND  SUSPECTED  BUTTEES  AND 
BUTTER  ADULTERANTS. 


Table  No.  6.—Anahj 

ses  of  butter. 

Serial  number. 

'3 

o 

3 

1 

a 

.a  o 

11 
1^ 

1—"  a 

11 

1^ 

O 
1 

00 

1 

a 

II 

1 

li 

o 
> 

1742       

. 91046 
.91119 
.91032 
. 91067 
.910i9 
.91244 
.91165 
.91004 
.91013 
.91003 
. 91067 
.91089 
. 91073 
.91155 
. 9U958 
.91042 
. 9U995 
.91183 
. 91069 
.91079 
. 91093 
. 91064 
.91034 
. 91239 
.91031 
.91010 
.91112 
. 91082 
. 91186 
. 91061 
. 91080 
.91106 
.91136 

Pr.  ct. 
13.33 
8.  .53 
8.57 
8.14 

16.  82 
4.59 

11.  4'i 

17.  38 
13.95 
22. 12 
23.46 
21.  02 
11.89 
21.96 
31.  55 
11.17 

7.68 
9.68 
7.35 

12.  28 
8.89 

18.75 
9.87 

10.84 

12.28 
7.26 

12.32 
6.93 
8.29 
8.44 
4.44 

13.07 
8.22 

Pr.  ct. 

88.64 
87.85 
88.  65 
88.08 
88.91 
86.60 
87.50 
88.07 
87.47 
87.84 
87.47 
87.38 
87.71 

86.  65 
88.09 

■"87.' 24' 
87.30 
88.14 

87.  to 
87.21 
86.68 
87.58 
80.01 
88.48 

■"87.' 23" 
87.59 
87.10 
87.73 
87.  85 
88.25 
87.75 

Pr.  ct. 

4.01 
4.14 
3.52 
3.68 
3.00 
5.02 
5.49 
3.70 
4.73 
4.98 
5.27 
5.15 
4.69 
5.34 
4.45 
5.31 
5.08 
5.94 
5.05 
5.37 
5.47 
4.75 
5.17 
5.42 
4.66 
3.97 
4.24 
3.92 
4.48 
3.91 
4.41 
3.47 
4.18 

Pr.  ct. 

4.  .50 
4.57 
4.78 
5.48 
4.50 

5.  .51 
4.01 
4.54 
4.80 
4.70 
4.99 
4.93 
4.98 
4.74 
5.02 
4.52 
5.21 
5.05 
4.47 
4.93 
5.26 
4.03 
4.56 
4.45 
3.92 



...,11 

Pr.  ct. 

2.84 
3.09 
2.81 
2.04 
3.79 
3.41 
1.48 
0.00 
0.00 
0.00 
0.00 
0.00 
2.61 
0.00 
0.57 
2.56 
5.62 
4.09 
5.28 
3.69 
3.18 
0.00 
4.83 
3.12 
5.79 
6.42 
6.  .53 
3.92 
5.11 
3.15 
1.81 
7.10 
4.37 

Pr.et. 

.7875 
.8312 
.  87.)0 
.5688 
.7438 
.5250 
.8312 
.4375 
.4375 
.  17.50 
.  1750 
.2188 
.  2625 
.  4375 
.6125 
.4375 
.  2625 
.  5230 
.4375 
.4813 
.3063 
.7000 
.4375 
.4375 
.  7438 
.  4375 
.5250 
.  5250 
.  4375 
.7000 
.7000 
.4375 
.5125 

Pr.  ct. 
1.46 
1.31 
1.30 
1.25 
1.50 
.83 
1.14 
0.6S 
0  81 
0.49 
0.  .59 
l.Ol 
1.30 
1.21 
1.83 
1.11 
0.71 
1.37 
0.91 
1.08 
1.03 
1.41 
1.12 
0.97 
1.43 
1.43 
2.02 
1.33 
1.16 
1.42 
1.02 
3.10 
1.34 

254.  20 
250.  60 
268.  50 
264.  GO 
252.  70 
244.  30 
250. 10 
238.  60 

249.  70 
248.  70 

243.  00 
248. 80 

244.  90 

244.  00 
252  00 
247.  00 
247.  00 
244. 10 
252. 10 
246.  40 
245.10 
260.  70 
251.80 

250.  90 
236.  .50 
247.10 

245.  40 
248.40 
247.50 

246.  60 
251.50 
240.  20 
240.  70 

12.50 

1743 

13  10 

1744         

13.50 

1745  

15.30 

174G            

12.  90 

1747 

15.60 

1749 

13. 10 

1752 

12.80 

1759             

13  60 

1760  

13.40 

infii                                

14  10 

I/C2 

14. 10 

1763 

14.10 

1764 

13.20 

1765 

14.30 

1766      t 

12  80 

-J768 

14.80 

1769    

14.30 

1770 

12.70 

1771 

1772 

14.00 
14.90 

1773       

11.40 

1775 

12.90 

1776  ...       

12.70 

1777 

11.10 

1781 

13.20 

1782 

13.60 

1783 

1785 

12.  50 
14.50 

1789 

12.60 

1790 

13.  90 

1792 

12.30 

1795 

14.50 

Table  No. 


-Analyses  of  doubtful  butters. 


1748. 
1757- 
1758. 
1767. 
1774. 
1779. 
1780. 
1793. 
1794. 


90904 
90987 
90974 
9U972 
90947 
9C004 
90938 
. 90965 


7.45 
11.30 
12.12 
10.90 
29.  84 
11.59 
10.06 
8.50 
9.06 


89.45 

3.61 

4.60 

2.64 

.7443 

1.41 

252.  80 

89.44 

3.  .54 

4.25 

5.28 

.5688 

L63 

253.  60 

87.60 

4.71 

4.54 

0.00 

.  4375 

0.93 

251.  50 

88.08 

4.73 

4.45 

2.16 

.4813 

1.33 

249.  70 

87.  82 

4.84 

4.27 

0.00 

.  9625 

1.86 

260. 10 

88.01 

3.16 

5.00 

.8750 

1.56 

250.  00 

88.42 

3.02 

5.40 

.8750 

1.58 

250.  70 

88.00 

3.34 

13.00 

L12 

253.  50 

88.50 

3.44 



2.84 

.  4375 

0.98 

252.  00 

13.10 
12.10 
12.  90 
12.60 
12.10 
12.  50 
11.60 
12.30 
1L70 


Thes9  samples  were  bought  for  pare  butter,  but,  on  analysis,  proved  to  contain  adulterants. 
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Table  No.  8.—Analijses  of  buiter  suhstiiutcs. 


>^ 

>=      ;   >% 

JE 

5r; 

r^ 

^^     ^  . 

r; 

a 

s 

feci 

o 

1* 

11 

5 

1 
'Z 

II 

^    2 

1  = 

1 

in 

1 

1 

a 

Hi 

11 

r 

B 

3 
o 

c  ^ 

o 
> 

Tr.  ct. 

Pr.  ct. 

1      1 

Pr.ct.  Pr.ct.  Pr.ct. 

Pr.  ct. 

Pr.  ct. 

1750 

Lard 

.  90538 

0.00 

92.59 

0.41  1  0.08 

0.00 

.0875 

Trace. 

294.  30 

0.20 

1751 

Beet  suet 

.  9C158 

0.  CO 

92.  59 

0.22  !  0.04 

0.00 

0.  01 

296.  90 

0.10 

1753 

Oleomarearine  ... 

.90490 

9.34 

93.  59 

0. 12     0.  25 

3.04 

.  3500 

0.63 

274.  00 

0.70 

1754 

Xeutral  lard 

. 90309 

7.42 

90.00 

0.  20     0. 10 

0.40 

0.02 

270.  50 

0..30 

1755 

Creamery  butter- 

ine^ 

.  90569 
.  9C287 

11.69 
14.  2.T 

92.  90 
93.35 

I.IG     1.53 
0.10  i  0.08 

2.39 
0.97 

.3063 

[  0.74 
0.  CO 

274.  80 
286.  -.0 

4  30 

1756 

01eofat2   

0.20 

1787 

Country  print 

.  90561 

14.45 

93.72 

0.09  ' 

2.42 

.  8750 

li.82 

281. 10 

1.90 

40  butter  fat,  15  oleo  fat,  30  neutral  lard. 
'Average  40  pounds  per  fat  steer. 

ANALYTICAL  EESULTS. 


The  butters  iii  table  Xo.  6  were  bonglit  in  opeD  mark.et  and  accepted 
as  genuine  on  the  results  of  the  analysis.  Some  of  these,  however, 
ought  justly  to  be  classed  in  Table  l!^o.  7,  as  of  doubtful  purity.  In 
quite  a  iiumber  of  cases  the  number  of  cubic  centimeters  of  deciiiormal 
alkali  required  to  neutralize  the  distillate  from  2.5  groms  of  the  fat 
was  less  than  13.  I^os.  1742,  1740,  1752,  1706,  1770,  1773,  1775,  177G, 
1777,  1783,  1789,  and  1792  come  under  this  category.  In  all  these 
cases,  however,  except  17o5  and  1768,  the  specific  gravity  is  above 
.910  at  40O  0.,  and  it  woukl  not  be  safe  to  condemn  a  butter  as  adulter- 
ated which  had  that  specific  gravity,  unless  the  microscope  should  re- 
veal crystals  of  foreign  fiit.     In  these  sami>les  such  was  not  the  case. 

In  the  two  cases  mentioned,  where  the  specific  gravity  fell  below 
.910,  there  are  other  reasons  for  thinking  the  samples  pure.  -In  1765 
the  percentage  of  soluble  acid,  by  Eeichert's  method,  is  high,  viz,  5.02. 
In  1768  it  is  still  higher,  viz,  5.21.  With  such  ^proportions  of  soluble 
acid  it  would  not  be  possible  to  condemn  the  samples  as  adulterated 
on  the  evidence  of  the  specific  gravity  alone. 

On  the  other  hand,  when  the  percentage  of  soluble  acid  is  low,  as  in 
1777,  the  specific  gravity  and  saponification  equivalent  prevent  the 
classification  of  the  sample  among  the  doubtful  butters.  ]S"everthe- 
less,  should  such  asamxdeshow  with  j)olarized  light  and  a  seleuite  plate 
bi-refractive  crystals,  it  would  be  a  strong  presumi^tive  evidence  of 
adulteration.  In  any  case,  such  a  sample  as  1777  would  present  nu- 
merous difficulties  to  the  analyst,  especially  if  he  were  called  to  testify 
in  respect  to  its  purity. 

In  Table  Xo.  7  similar  difficulties  are  eucountered.  The  specific  gravi- 
ties are  uniformly  low.  On  the  other  hand,  the  percentage  of  insoluble 
acids  are  only  suspiciously^  high  in  two  instances,  viz,  1748  and  1757. 
In  the  first  of  these  instances,  however,  the  soluble  acid  is  above  the 
limit  of  suspicion.     The  saturation  equivalent  is  uniformly  rather  high, 
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bat  uot  above  the  niDge  of  pure  butters.  Wbile  the  butters  are  classed 
for  convenience  as  "  doubtful,"  tbey  couUl  not  be  so  proved  before  a 
court  on  the  chemical  evidence  alone. 

In  Table  Ko.  8  we  have  plain  sailing.  AH  analytical  data  show  the 
fats  of  the  samples  examined  are  not  butter.  Since  the  adulteration  of 
butters  with  less  than  30  per  cent,  of  a  cheaper  fat  could  scarcely  prove 
profitable,  the  chemist  should  be  careful  not  to  condemn  a  suspicious 
sample,  if  its  purity  be  attested  by  any  one  of  the  processes  emi)loyed 
in  the  examination,  unless  some  one  test  shows  it  to  be  undoubtedly 
adulterated. 

In  the  foregoing-  study  of  methods  of  analysis  I  have  not  attempted 
to  give  a  complete  citation  of  all  the  i^apers  which  have  been  written 
on  this  subject.  A  very  complete  bibliography  of  the  subject  up  to 
1882  is  given  by  Caldwell, ^  and  in  the  work  of  Sell.^ 

The  probability  of  the  detection  of  an  adulterated  butter  by  the  phys- 
ical and  chemical  processes  described  in  the  foregoing  pages  is  very 
great. 

In  the  order  of  value  the  quantitative  processes  employed  may  be  ar- 
ranged as  follows:  (1)  Determination  of  volatile  acids  by  distillation. 
(2)  Determination  of  specific  gravity.  (3)  Determination  of  the  sapon- 
ification equivalent.  (4)  Determination  of  the  insoluble  acids.  (5)  De- 
termination of  the  melting  point. 

1  Second  Ann.  Kept.  N.  Y.  S.  Bd.  of  Healfcli,  pp.  544-7. 

2  Arbeit  a.  d.  Kaiserliclien  Gesuudlieitsamte. 


EXAMINATION   OF  MILK 


The  adalteration  of  milk  in  tbis  couutrj^  consists  usually  either  in  the 
removal  of  cream  or  the  addition  of  water. 

Without  making  any  attempt  whatever  to  notice  the  prolific  litera- 
ture of  this  subject,  which  has  accumulated  during  the  past  few  years, 
such  portions  thereof  as  seem  to  be  most  helpfal  in  the  work  of  analy- 
sis will  be  cited.  Those  who  care  to  study  the  subject  in  greater  detail 
are  referred  to  the  periodical  literature,  especially  to  the  "Analyst"  and 
"  Milch  Zeitung." 

The  constituents  of  milk  which  are  to  be  determined  by  analysis  are 
(1)  water;  (2)  sugar;  (3)  nitrogenous  constituents;  (4)  ash,  and  (5)  fat. 

Water. — The  simplest  method  for  estimating  water  in  milk  consists 
in  evaporating  one  or  two  grams  in  a  Hat  platinum  disli.  The  larger 
the  diameter  of  the  dish  the  quicker  and  more  accurate  will  be  the  re- 
sults. 

If  larger  qnantities  of  milk  be  used  or  the  dish  have  not  a  flat  bot- 
tom, the  film  which  forms  over  the  surface  of  the  milk  during  evapora- 
tion will  i)revent  complete  desiccation.  To  avoid  this  many  plans  have 
been  proposed.  The  milk  may  be  mixed  with  gypsnm,  and  then  a  larger 
surface  be  exposed  and  more  rapid  and  complete  drying  secured. 

Instead  of  gypsnm,  sulphate  of  barium,  iDure  quartz  sand^  sulphate  of 
strontium,  and  i:)owdered  glass  have  been  used.  All  of  these  methods 
are  capable  of  giving  fairly  accurate  results  when  properl3^  conducted. 

The  addition  of  acetic  acid  or  alcohol  to  coagulate  the  albuminous 
matter  before  desiccation  has  been  largely  practiced,  but  Gerber  and 
Eadenhausen  have  shown^  this  treatment  is  without  influence  on  the  re- 
sults. Jenks  has  also  shown  ^  that  simple  evaporation  without  any  treat- 
ment whatever  gives  results  which  agree  well  with  those  obtained  by 
using  sand. 

In  fift}'  determinations  the  maximum  and  minimum  diff'erence  between 
the  two  methods  was  only  .14  per  cent,  and  the  mean  diflerence  .003 
per  cent. 

Babcock  ^  has  i:>roposed  an  ingenious  and  accurate  method  of  determ- 
ining the  water  in  milk : 

About  two  grams  of  rather  coarse  asbestos  are  placed  in  a  platinnni  evaporator  of 
30cc.  capacity,  ignited  and  weighed.     Five  cubic  centimeters  of  milk  from  the  pipette, 

1  Bied.  Centralblatt,  1876,  p.  22. 

2  Chem.  Centralblatt,  1882,  p.  13. 

3  Second  Ann.  Rept.  Bd.  Control  N.  Y.  Exp.  Sta.,  pp.  167-8. 
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previously  weiglied,  is  run  into  the  evaporator  and  the  pipette  weigtied  again.  The 
milk  in  the  evaporator  is  then  dried  at  100°  C,  until  the  weights  taken  one-half  hour 
apart  do  not  vary  more  than  a  milligram  from  each  other. 

The  asbestos  serves  as  an  absorbent  of  the  milk  and  presents  a  large  surface  which 
greatly  facilitates  the  drying.  For  this  purpose  asbestos  is  much  to  be  preferred  to 
sand  or  any  fine  powder  which  requires  frequent  stirring  for  complete  desiccation^ 
When  a  number  of  analyses  are  to  be  made  in  succession,  a  second  portion  of  milk 
may  be  dried  in  the  same  asbestos  with  advautage.  In  the  series  of  analyses  made 
during  the  feeding  experiments  the  morning's  and  evening's  milk  were  dried  together 
in  this  way.     The  dried  residue  may  be  ignited  for  ash. 

The  figures  given  for  solids  in  all  analyses  made  during  the  year  have  been  deter- 
mined in  the  above  manner.  The  solids  may,  however,  be  found  with  equal  accuracy 
and  in  much  less  time  by  the  method  given  below. 

In  the  bottom  of  a  perforated  test-tube,  such  as  is  used  in  the  estimation  of  the  fat 
in  fodders,  is  placed  a  tuft  of  clean  cotton.  The  tube  is  then  filled  three-quarters  full 
of  ignited  asbestos  and  a  plug  of  cotton  inserted  to  prevent  the  escape  of  loose  fibers 
of  asbestos.  The  asbestos  must  be  slightly  pressed  together  so  as  to  leave  n^^  large 
spaces.  The  tube  and  contents  are  weighed,  the  plug  of  cotton  carefully  removed^ 
and  five  grams  of  milk,  from  the  weighed  pipette,  described  before,  run  into  it  and 
the  plug  of  cotton  replaced.  The  tube,  connected  at  its  lower  end  by  a  rubber  tube 
and  adapter  with  a  filter  pump,  is  placed  in  a  drying  oven  at  100°  C.  and  a  slow  cur- 
rent of  dry  air  drawn  through  it  till  the  water  is  completely  expelled,  which  iu  no 
case  requires  more  than  two  hours. 

Since  the  publication  of  tbe  method  of  Adams  for  the  estimation  of 
fat,  which  will  be  given  further  on,  I  have  made  some  attempts  to  esti- 
mate the  water  by  drying  the  milk  on  long  strips  of  asbestos  paper, 
which  are  rolled  up  while  still  hot  and  weighed  after  cooling  in  a  dessic- 
cator.  I  have  not  yet  secured  an  asbestos  paper  sufliciently  bibulous  to 
make  this  method  completely  successful.  But  it  has  the  advantage  of 
being  very  speedy,  since  on  so  large  a  surface  exposed  for  two  or  three 
minutes  to  a  temperature  of  100^  to  105o  C.  over  a  sand  bath  the  water  is 
completely  evai)orated. 

-  An  indirect  method  of  estimating  the  water  from  the  specific  gravity 
has  been  prepared  by  Behrend  and  Morgen  ^  by  the  formula — 

S  (Y— A) 
V"  —  8' 
in  which  S  =  specific  gravity  of  the  milk,  S^  _  specific  gravity  of  the 
I  milk  free  of  fat,  S^  =  specific  gravity  of  the  milk  fat  =  .94,  and  V  =  vol- 
ume taken  =  lOOcc. 

Numerous  tables  are  given  by  the  authors  to  show  the  agreement 
between  the  calculated  percentage  of  fat  and  total  solids  obtained  by 
the  above  formula  and  the  gravimetric  determinations. 

Another  indirect  method  of  determining  the  quantity  of  water  in 
milk  consists  in  measuring  the  quantity  of  finely-pulverized  common 
salt  a  given  volume  of  it  will  dissolve. 

This  procedure  was  proposed  by  Eeichelt.  ^ 

The  apparatus  consists  of  a  glass  vessel  24cm.  high.  Tbe  upper  part 
has  a  diameter  of  2.5cm.  and  the  lower  of  8mm.     On  the  under  side  is  a 

'  Jour.  Landw.,  1879,  p.  249. 

^Bayerish  KuTist  und  Gewerbeblatt,  18€0,  p.  706. 
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scale  marked  to  45 o  C.  The  principle  of  the  apparatus  is  based  ou  the 
fact  that  at  30°  to  35°  C,  100  parts  of  water  will  dissolve  36  parts  of  salt. 
The  operation  is  carried  od  as  follows :  Mix  G2.5  grams  of  milk  with 
20.25  grams  of  salt  and  add  15  grams  of  litmus  tuicture,  saturated  with 
salt,  to  color  the  milk.  Eaise  the  temperature  to  30°  to  35^  C,  shake 
thoroughly,  and  then  place  the  apparatus  so  that  all  the  undissolved  salt 
will  fall  into  the  under-graduated  stem  of  tlie  apparatus.  Each  degree 
of  the  scale  corresponds  to  62.5mgr.  of  the  salt.  The  part  undissolved 
subtracted  from  the  total  quantity  will  give  the  quantity  dissolved,  from 
which  the  quantity  of  water  is  easily  calculated. 

The  lactometer  of  Geissler^  is  too  complicated  for  ordinary  use,  and 
the  method  of  estimating  the  water  content  of  milk  by  measuring  the 
volume  of  whey  filtered  from  the  coagulated  albumens  proposed  by 
Zenneck^  does  not  afibrd  sufficiently  exact  results  to  merit  farther 
description. 

SPECIFIC  GRAVITY. 

The  specific  gravity  of  a  milk  diminishes  as  its  content  of  fat  increases, 
and  hence  within  certain  limits  it  may  be  a  valuable  index  of  the  char- 
acter of  the  sami)le  under  examination. 

When  the  cream  has  been  removed,  however,  the  specific  gravity  may 
be  reduced  to  that  of  normal  milk  by  the  addition  of  water,  and  then 
the  determination  of  the  specific  gravity  alone  is  not  a  certain  method 
of  detecting  adulteration,  yet  it  is  a  valuable  indication  and  should  al- 
ways be  determined. 

This  determination  may  be  made  by  an^^  of  the  methods  already  de- 
noted for  fats  and  oils  or  by  a  hydrometer.  Since  the  use  of  this  latter 
instrument  (lactometer,  lactodensimeter)  is  easy  and  speedy,  it  is  gen- 
erally employed  instead  of  the  slower  but  more  exact  procedure  with  a 
picnometer. 

Martin^  found  the  average  specific  gravity  of  the  milk  from  fifty  cows 
from  E.  B.  Brady's  farm,  Westchester,  N.  Y.,  to  be  1.03101.  From 
another  lot  of  thirty  one  cows,  farm  of  Peter  Knox,  it  was  1.03149 ;  from 
sixteen  cows,  farm  of  George  Kelson,  1.03175. 

Jenkins"^  makes  the  following  observations  respecting  the  values  of 
the  specific  gravity  determination: 

A  cousideratiou  of  the  observations  noticed  above  brings  us  to  the  following  con- 
clusions with  regard  to  the  value  of  total  solids,  and  of  specific  gravity,  as  criteria  for 
judging  of  the  quality  of  milk. 

We  have  seen  that  x>ure  herd-millt  shows  very  wide  variations  in  its  content  of 
solids  and  fat,  and  varaitions  less  strikinj^  in  its  specific  gravity.  No  instance  apx^ears 
to  be  on  record  where  a  competent  observer  has  found  for  the  mixed  milk  of  a  num- 
ber of  healthy  cows  a  specific  gravity  less  than  1.0'29,  and  we  may  conclude  with  cer- 
tainty that  milk  which  falls  below  that  density  has  been  watered. 

>Ber.  Chem.  Gesel.,  Vol.  10,  p.  1272. 

"Vieth,  Milch priifungsmethodeu,  p.  87. 

=^ Fourth  Ann.  Rept.,  N.  Y.  State  Bd.  of  Health,  pp.  429  etseq. 

4  Kept.  Conn,  Exp.  Sta.,  Vol.  10,  pp.  88,  59. 
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As  evidence  of  watering  simply,  specific  gravity  farnislies  by  far  the  most  satisfac- 
tory test,  and  if  1.029  isadox^ted  as  a  minimnm,  no  pnremilk  will  be  condemned.  In 
some  cases  moderately  watered  milk  may  escape  detection. 

If  we  will  establisli  a  minimum  limit  for  tbo  percentage  of  solids  and  fat  wbicli 
shall  in  no  case  condemn  pure  milk  in  any  locality,  we  shall  have  to  make  it  absurdly 
low,  and  thus  offer  a  premium  on  watering  milk  of  good  quality. 

QUANTITY  OF  WATER  OR  DRY  SOLIDS  IN  MILK. 

The  law  of  Massachusetts  fixes  tbe  legal  maximum  of  water  iu  milk  at 
87  per  cent.  The  quantity,  however,  varies  within  large  limits,  and  it  is 
manifestly  unjust  to  condemn  a  milk  as  adulterated  when  it  has  more 
than  87  per  cent,  water. 

TJie  chief  factors  which  cause  a  healthy  milk  to  vary  in  its  percentage 
of  solids  are  length  of  time  the  cow  has  been  in  milk,  the  season  of  the 
year,  and  consequently  the  character  of  the  food  of  the  animal.  On  this 
point  the  Eeport  of  the  Massachusetts  State  Board  of  Health ^  makes 
the  following  observations: 

The  statutes  prescribe  a  fixed  and  definite  standard  for  commercial  milk.  Milk  not 
contaiuing  13  per  cent,  of  solids  is  deemed  to  be  adulterated  under  the  law.  It  is 
often  urged  that,  under  such  a  standard,  milk  as  obtained  direct  from  the  animal  does 
not  always  conform  to  the  requirements  of  the  law.  While  this  is  true,  it  is  also 
evident  that  a  standard  established  at  the  minimum  of  quality,  or  that  of  the  poorest 
milk  obtained  under  the  worst  conditions,  would  admit  of  the  sale  of  a  very  large 
quantity  of  adulterated  milk. 

It  is  possible  to  produce  from  inferior  animals,  under  unfavorable  conditions,  such 
as  impoverished  diet,  bad  care,  extreme  age  or  youth,  milk  somewhat  below  the  legal 
requirement.  This  ought  not  to  be  an  argument  for  the  reduction  of  the  standard  to 
include  occasional  cases  of  the  lowest  quality. 

Mixed  milk  contains  a  greater  amount  of  solids  than  its  minimum  coustituents. 
Hence,  the  milk  producer  or  dealer  will  find  it  a  safe  rule  to  sell  mixed  milk  only, 
especially  when  his  herd  contains  one  or  more  animals  producing  milk  of  a  poor 
quality.  In  the  40-quart  cans  of  the  Housatonic  Valley,  filled  for  the  New  York 
-market,  the  milk  must  necessarily  be  a  mixture  from  several  animals,  but  in  the  case 
of  the  usual  2-gallon  can,  so  largely  iu  use  throughout  the  larger  part  of  this  State, 
the  contents  may  be  often  that  of  two  or  three  animals  only,  and  it  occasionally 
may  represent  a  single  animal. 

Under  the  Massachusetts  law  a  rigid  inspection  of  the  milk  sold  in  all 
the  large  cities  is  made,  and  the  character  of  the  milk  is  described  iu 
the  following  summary  of  the  report  of  Dr.  Harringtoo,  milk  inspector 
for  Boston.^ 

During  the  year  just  ended  I  have  received  from  the  inspectors  of  the  board,  and 
from  other  sources,  1,759  samples  of  milk,  which  number  includes  samples  from  all 
of  the  cities  and  many  of  the  towns  of  Eastern  Massachusetts.  They  have  been  ar- 
ranged in  classes,  according  to  their  respective  sources,  to  wit :  (a)  Samples  from 
shops;  (&)  samples  from  wagons ;  (c)  samples  from  x>roducers  (direct);  (fZ)  samples 
from  unknown  sources  ;  (e)  samples  of  known  purity. 

Among  such  a  number,  taken  in  most  cases  at  random,  there  must  necessarily  be 
very  many  which,  on  inspection  alone,  are  evidently  iDure,  and  which,  on  analysis, 
would  yield  figures  above  the  standard  fixed  by  law.  The  employment  of  the  lacto- 
densimeter,  together  with  the  Fcser  lactoscope,  will,  after  a  little  practice,  enable 

1 1884,  p.  116. 

«Rept.  Mass.  S.  Bd.  of  Health,  1884,  pp.  145,  14 
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one  to  separate  the  good  from  the  indifferent  and  poor  sa!nples,  and  in  this  way  the 
good  samples  may,  unless  there  "be  some  reason  for  a  full  analysis — such,  for  instance, 
as  unusual  richness,  averages,  &c. — be  passed  on  inspection.  More  than  half  of  the 
samples  submitted  to  me  were  good  samples,  and  of  the  whole  n  umber  569  were 
passed  as  above,  leaving  1,190  which  were  subjected  to  analysis.  Of  these  latter 
there  were  391  which  were  above,  and  799  which  were  below,  the  statute  standard. 

Considering  as  above  the  standard  the  569  samples  which  were  passed  on  inspec- 
tion, we  have  960  above  and  799  below,  which  is  a  very  decided  improvement  over 
the  milk  supply  of  a  year  ago.  A  large  proportion  of  those  below  the  standard  were 
not  what  would  be  considered  as  of  very  inferior  quality ;  nearly  one-half  of  those 
below  the  standard  of  13  per  cent,  of  solids  were  above  12  per  cent.,  which  fact  of 
itself  is  evidence  of  a  great  improvement  in  the  general  supply. 

Dr.  E.  W.  Martin  ^  has  made  a  thorougii  study  of  milk  adulteration, 
of  which  I  give  the  following  abstract : 

Having  made  from  time  to  time  analyses  of  milk  from  cows  of  all  breeds  and  kept 
under  all  conditions,  of  various  ages,  and  at  different  times  of  the  year,  I  found  the 
percentage  of  the  maximum,  minimum,  and  average  constituents  to  be  : 


Constituent. 

Maximum. 

Minimum. 

Average. 

Water 

Per  cent. 

82.  04 

7.59 

5.39 

4.34 

Per  cent. 

87.87 

2.78 

4.60 

4.30 

.05 

12.13 

9.35 

Per  cent. 

87.5 

3.3 

4.4 

4.1 

.7 

12.5 

9.2 

Fat          .... 

Salts 

Total  solids 

Solids  not  fat 

.71 
17.  96 
10.37 

Of  the  minimum  amount  of  fat  given  above,  only  three  cows  were  found  giving 
milk  so  poor  in  fat,  and  their  food  and  surroundings  were  of  the  poorest  kind. 

During  the  year  1883  I  made  many  analyses  of  milk  taken  from  the  cans  while  being 
shipped  to  market,  and  the  average  x)ercentage  of  the  constituents  of  the  samples 
taken  were : 


Water 

Per  cent. 
87.5 
3.2 
4.4 
4.1 
.7 
12.  5 
9.3 

Fat 

Caseine 

Salts.... 

Total  solids 

Solids  not  fat 

From  the  foregoing  results  it  is  fair  to  assume  that  in  average  milk  we  should  have 
at  least  3  per  cent,  of  fat,  9.2  per  cent,  of  solids  not  fat,  and  12.2  per  cent,  of  total  solids. 

The  State  Board  of  Health  of  New  Jersey  have  fixed  the  minimum  amount  ot  total 
solids  at  12  per  cent,  and  the  maximum  amount  of  water  at  88  per  cent. 

In  Massachusetts  the  law  fixes  a  chemical  standard  of  purity;  it  reads :  ^'Inal 
cases  of  i^rosecution,  if  the  milk  shall  be. shown  upon  analysis  to  contain  more  than 
87  per  cent,  of  water  or  to  contain  less  than  13  per  cent,  of  milk  solids  it  sliall  bo 
deemed  for  the  purpose  of  this  act  to  be  adulterated." 

This  standard  has  been  fixed  from  analyses  by  Sharpies,  Babcock,  and  others,  as 
follows : 


Analysts. 

m.  of 
cows. 

Total 
solids. 

22 

8 

58 

24 

14.49 
14.55 
14.08 
14.26 

Babcock 

Vaughn  

Newton 

» Fourth  Ann.  Kept.  N.  Y.  S.  Bd.  of  Health,  pp.  4S9  et  wg. 
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ESTIMATION  OF  FAT. 

Gravimetric. — The  perceutage  of  ftit  in  milk  is  the  best  criterion  of  its 
purit}^,  although  it  is  not  impossible  to  make  an  emulsion  with  an  added 
fat  or  oil  after  the  natnral  fat  of  a  milk  has  been  removed. 

For  determining  the  quantity  of  fat  in  a  milk  by  weight  it  is  neces- 
sary to  evaporate  the  sample  to  dryness  and  disso  Ive  the  fat  by  ether 
or  a  light  petrolenm. 

Since,  if  the  milk  be  evaporated  in  bulk,  portions  ol  the  fat  will  be  oc- 
cluded by  the  other  solids,  it  is  necessary,  in  order  to  secure  a  total  solu- 
tion of  the  fat,  to  distribute  it  over  some  inert  substances.  Those 
already  mentioned  used  for  determining  water,  may  also  be  emj)loyed  for 
the  fat  analyses. 

We  use  thin  glass  dishes  (schalchen),  in  which  the  milk  ife  dried  in  a 
thin  film,  or  on  sand,  gypsum,  or  asbestos.  The  dish  and  its  contents 
are  then  rubbed  up  in  a  mortar  and  transferred  to  a  continuous  extrac- 
tion apparatus.  The  one  em})loyed  is  a  modification  of  the  continuous 
extractor  made  by  Mr.  A.  E.  Knorr,  in  which  the  return  siphon  is 
placed  wholly  within  the  extraction  tubes,  thus  making  the  apparatus 
more  compact  and  less  liable  to  get  broken. 

The  dift'erent  methods  of  manipulation  heretofore  employed  for  the 
gravimetric  determination  are  so  well  known  that  I  will  not  describe 
them  further,  but  i)ass  at  once  to  the  consideration  of  a  new  process, 
"Which  I  have  already  tried  sufficiently  to  show  its  merits  over  all  others. 

ADAMS'S   METHOD. 

Adams'S  method  of  estimating  fat  in  milk^  diifers  from  the  ordinary 
gravimetric  methods  solely  in  the  preparation  of  the  fat  for  extraction. 
Instead  of  drying  the  fat  in  the  usual  way  the  milk  is  absorbed  by 
bibulous  paper.  It  is  unnecessary  to  state  that  this  paper  must  first  be 
thoroughly  exhausted  hy  the  solvent  which  is  used  to  dissolve  the  fat. 

The  kind  of  paper  and  the  method  of  using  it  first  proposed  by 
Adams,  are  as  follows  : 

As  for  material,  tLe  only  extra  article  is  some  stoat  white  blotting-paper,  known 
in  the  trade  as  "  white  demy  blotting  mill  428/'  weighing  38  ponuds  per  ream.  This 
should  be  in  unfolded  sheets,  machine-cut  into  strips  2^  i  nches  wide  and  22  inches 
long;  each  sheet  in  this  manner  cuts  into  seven  strips. 

I  have  tried  other  papers,  but  none  have  answered  so  well  as  this;  it  is  very  porous 
and  just  thick  enough.  Each  of  these  strips  is  carefully  rolled  into  a  helical  coil,  for 
which  purpose  I  use  a  little  machine,  made  by  myself,  consisting  of  a  stout  double 
wire,  cranked  twice  at  right  angles,  aud  mounted  in  a  simple  frame.  One  end  of  the 
strip  being  thrust  between  the  two  wires,  the  handle  is  turned,  and  the  coil  made 
with  great  facility.  This  may  be  done,  for  the  nonce,  on  a  glass  rod,  the  size  of  a 
cedar  pencil.  Two  points  have  to  be  carefully  attended  to  :  the  j)aper  must  not  be 
broken,  and  the  coil  must  be  somewhat  loose,  the  finished  diameter  being  a  little 
under  an  inch.     I  am  in  the  habit  of  rolling  up  a  considerable  number  at  a  time  and 

1  Analyst.,  1885,  pp.  46  et  scq. 
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placing  eacli  witliin  a  brass  ring  as  it  is  rolled,  inscribing  on  one  corner  witli  a  lead 
pencil  its  own  proper  number. 

These  coils  are  next  tliorouglily  dried,  and  I  need  hardly  say  the  accuracy  of  the 
process  depends  upon  this  drying.  This  can  be  satisfactorily  done  in  an  ordinary 
air  bath  at  100°  C,  providing  the  bath  be  heated  properly  and  the  paper  kept  in  it 
long  enough.  I  found  the  common  way  of  heating  the  thin  bottom  of  the  bath  with 
a  single  jet  not  to  answer.  My  bath  is  placed  upon  a  stout  iron  surface,  which  is 
heated  by  a  large  ring  of  jets;  iu  this  way  the  heat  is  evenly  distributed  over  the 
whole  of  the  bottom  of  the  bath,  and  the  papers,  which  are  put  in  a  cage  frame  of 
tinned  iron  wire  5  by  2^  inches  and  divided  into  eight  partitions,  get  evenly  and  com- 
pletely dried,  if  allowed  to  remain  in  the  bath  all  night,  and  weighed  in  a  weighing- 
tube  next  morning,  and  their  weights  having  been  registered  according  to  their 
numbers,  stored  away  ready  for  use,  as  follows  : 

The  milk  to  be  examined  is  shaken,  and  with  a  pipette  5cc.  are  discharged  into  a 
small  beaker  2  inches  high  by  1^  diameter,  of  a  capacity  of  about  30cc.  weighing  about 
12  grams.  This  charged  beaker  is  lirst  weighed,  and  then  a  paper  coil  gently  thrust 
into  the  milk  very  nearly  to  the  bottom.  In  a  few  minutes  the  paper  sucks  u^j  nearly 
the  whole  of  the  milk.  The  paper  is  then  carefully  withdrawn  by  the  dry  extremity 
of  the  coil  and  gently  reversed,  and  stood,  dry  end  downwards,  on  a  clean  sheet  of 
glass.  With  a  little  dexterity  all  but  the  last  fraction  of  a  drop  can  be  removed  from 
the  beaker  and  got  on  the  paper.  The  beaker  is  again  weighed,  and  the  milk  taken 
got  by  difference.  It  is  of  importance  to  take  up  the  whole  of  the  milk  from  the 
beaker,  as  I  am  disposed  to  consider  the  paper  has  a  selective  action,  removing  the 
w^atery  constituents  of  the  milk  by  preference  over  the  fat. 

The  charged  x^aper  is  next  jilaced  in  the  water  oven  on  the  glass  plate  milk-end 
upwards,  and  rough-dried.  Mismanagement  may  possibly  cause  a  drop  to  pass  down 
through  the  coil  onto  the  glass.  This  accident  ought  never  to  occur;  but  if  it  does, 
it  is  revealed  in  a  moment  by  inspection  of  the  surface  of  the  glass,  and  the  experi- 
ment is  thereby  lost. 

In  about  an  hour  it  is  rough-dried  and  in  a  suitable  condition  for  the  extraction  of 
the  fat. 

The  method  of  Adams  has  been  thoroughly  tried  bj^  the  English 
chemists,  and  has  received  the  approval  of  the  English  Societj^  of  Pub- 
lic Analysts.  It  gives  uniformly  about  .2  per  cent,  more  fat  in  normal 
milk  than  the  ordinary  gravimetric  methods. 

In  this  laboratory  we  use  the  following  modification  of  the  process : 

The  blotting  paper  is  replaced  by  thick  filtering  i)aper  cut  into  strips 
2  feet  long  and  2.5  in.  wide.  These  are  thoroughly  extracted  by  ether  or 
petroleum. 

One  end  of  the  strii)  of  paper  being  held  horizontally  by  a  clami)  or 
by  an  assistant,  5cc.  milk  is  run  out  by  a  pipette  from  a  weighing  bottle 
along  the  middle  of  the  strip  of  filtering  paper,  being  careful  not  to  let 
the  milk  get  too  near  the  ends  of  the  pai)er,  and  to  secure  an  even  dis- 
tribution of  it  over  the  whole  length  of  the  slip.  The  pipette  is  re- 
placed in  the  weighing  bottle  and  the  whole  reweighed,  and  thus  the 
quantity  of  milk  taken  is  accurately  determined.  The  strij)  of  paper  is 
now  hung  up  over  a  sand  bath  in  an  inclosed  space  high  enough  to  re- 
ceive it  where  the  air  has  a  temperature  of  100^  0.  (circa).  In  two  or  three 
minutes  the  paper  is  thoroughly  dry.  It  is  at  once,  while  still  hot, 
rolled  into  a  coil  and  placed  before  cooling  in  the  extraction  apparatus 
already  described. 
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The  fat  is  dissolved  by  ether  or  petroleum,  collected  iu  a  weighed 
flask,  and,  after  thorough  drying,  weighed.  I  have  already  mentioned 
that  b3"  the  use  of  asbestos  paper  I  had  hoped  to  be  able  to  estimate 
the  moisture  in  milk,  but  so  far  have  not  achieved  the  success  which  I 
believe  is  possible. 

Of  all  the  methods  for  the  gravimetric  determinations  of  fat  in  milk, 
I  do  not  hesitate  to  say  that  the  Adams  method,  i^roperly  carried  out, 
is  the  best. 

SOXHLET'S  AREOMETRIC  method   of  estimating  fat  in  MILK.l 

Caldwell  and  Parr^  call  attention  to  the  difficulty  which  is  often  ex- 
perienced in  using  Soxhlet's  areometric  method  for  the  estimation  of 
fat  in  milk.  They  say,  speaking  of  the  determination  of  fat  by  the 
lactobutyrometer :  ''But  in  this  case,  while  the  butyrometer  gave  tol- 
erable results,  Soxhlet's  method  failed  entirely ;  even  after  standing 
five  hours  the  layer  of  ether  fat  solution  in  the  mixing  bottle,  which 
should  be  over  a  centimeter  thick,  was  hardly  a  millimeter  thick." 

This  experience  is  so  much  in  harmony  with  my  own  that  I  thought 
it  would  be  of  interest  to  call  attention  to  some  of  the  difficulties  en- 
countered  in  working  with  Soxhlet's  method. 

Soxhlet's  original  paper  was  published  in  "Zeitschrift  des  Land- 
wirthschaftlichen  Yereins  in  Bayern,"  iu  1880. 

It  rests  upon  the  assumption  that  an  alkaline  milk  shaken  with  ether 
will  give  all  its  fat  to  the  ether,  and  this  solution,  being  lighter  than 
the  rest  of  the  mixture,  will  collect  at  the  top,  where  it  can  be  sepa- 
rated and  its  specific  gravity  determined. 

The  reagents  used  are  ether  saturated  with  water  and  a  solution  of 
caustic  potash  containing  400  grams  to  the  litre. 

The  milk  and  reagents  having  been  brought  to  a  temperature  of  17.5^ 
0.  are  measured  into  a  flask  (I  use  an  ordinary  i^int  beer  bottle),  with 
pipettes  furnished  Avith  the  apparatus  j  200cc.  milk,  lOcc.  of  i)otash  solu- 
tion, and  (3MC-J.  of  the  aqueous  ether  are  the  quantities  to  be  employed. 
The  milk  is  first  placed  in  the  flask  and  to  this  the  potasli  solution 
added  and  shaken  vigorously.  Afterwards  the  ether  is  added  and  the 
shaking  continued  for  one  minute  longer.  The  bottle  is  then  put  into 
water  at  a  temperature  of  17.5o  C.  and  gently  struck  on  the  table  in  a  ver- 
tical position  at  intervals  of  half  a  minute  for  fifteen  or  twenty  minutes. 
At  the  end  of  this  time  the  ether-fat  solution  has  collected  at  the  top, 
whence  ifc  is  passed  to  the  areometric  cylinder  by  means  of  the  rubber 
bulb  blowing  ai)paratus  shown  in  figure  1. 

Water  is  now  added  at  a  temperature  of  16^  0.  to  18°  C.  to  the  outer 
cylinder,  and  after  the  temperature  has  become  constant  the  density  of 
the  ethereal  solution  is  read  on  the  scale  of  the  areometer.  At  the  same 
time  the  temi^erature  is  read  from  the  delicate  thermometer  attached 

1  H.  W.  Wiley,  Journal  of  Analytical  Chemistry,  vol.  1,  no.  2. 

2  Am.  Chem.  Jour.,  vol.  7,  p.  245, 
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to  the  areometer.  The  areoraetric  degree  is  to  be  increased  or  dimin- 
ished by  the  differenee  between  the  observed  temperature  and  17.5o  C.  as 
the  former  is  above  or  below  the  latter.  The  percentage  of  fat  is  taken 
from  a  table  which  gives  the  numbers  representing  it  for  all  degrees  of 
the  Soxhlet's  scale  between  43  and  G6  for  whole  milk,  or  2.07  to  5.12  per 
cent.  J  and  for  skimmed  milk  from  21.1  to  43,  or  from  0.00  to  2.07  per 
cent.  It  is  thus  seen  that  the  scale  includes  all  percentages  of  fat  from 
nothing  to  5.12.  If  a  milk  contain  more  than  the  latter  percentage  of 
fat  it  must  be  treated  with  a  certain  proportion  of  water  before  it  can 
be  examined  by  the  Soxhlet's  method. 


Fig.  1. 


Both  Soxhlet  in  his  original  paper  and  Liebermann^  afSrm  that  the 
ether  retained  in  the  form  of  an  emulsion  in  the  lower  part  of  the  liquid 


Zeit,  Anal.  Chem.,  1884,  p.  478, 
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in  the  flask  does  uot  coutaiu  a  trace  of  fat.  It  is,  therefore,  necessary 
to  assume  that  the  emulsion  has  always  the  same  proportion  of  ether, 
otherwise  there  would  be  variations  in  the  density  of  the  clear  super- 
natant solution.  This  may  be  entirely  true  with  those  milks  which  per- 
mit the  ether  solution  to  separate  readily,  but  where  the  separation  is 
difficult  and  a  great  deal  of  time  is  required  for  it  to  take  place,  it  is 
possible  that  this  assumption  may  uot  hold  good. 

Liebermann,  who  having  once  condemned  Soxhlet's  method,  on  ac- 
count of  the  sl^w  separation  of  the  ether  solution,  introduced  a  modifi- 
cation of  gently  shaking  the  mixture  and  then  pronounced  it  successful. 
He  says^ :  "  Therefore  the  manner  of  making  the  first  shaking  with  ether 
is  not  immaterial.  The  shaking  must  not  be  violent  (Soxhlet  says 
'schlitteln  eine  halbe  Minute  kraftig),'  but,  nevertheless,  always  suffi- 
ciently so.  The  light  vertical  blows  must  also  be  skillfully  applied.  In 
fact,  these  are  things  which  can  only  be  attained  by  the  skilled  touch 
coming  from  experience." 

It  ai)pears  from  the  above,  and  ray  own  experience  fully  convinces 
me  of  the  truth  of  it,  that  in  order  to  secure  a  proper  separation  of  the 
ether  fat  solution,  in  all  cases,  one  must  be  possessed  of  the  art  of  leg- 
erdemain. 

After  giving  the  preference  to  his  own  volumetric  method  Lieber- 
mann ends  his  paper  by  the  remark :  "  But  if,  on  the  contrary,  the 
method  of  Soxhlet  is  employed,  it  will  usually  happen  that  a  given  milk 
must  be  examined  twice,  once  to  see  whether  the  original  method  is 
applicable,  and  again,  in  case  of  failure,  with  the  necessary  modifica- 
tions." 

I  think  it  will  be  readily  agreed  that  such  a  method  can  find  no  place 
in  the  examination  of  the  milk  of  individual  cows  for  each  sample  of 
which  a  special  modification  of  the  method  would  have  to  be  made. 

Schmoeger^  calls  attention  to  the  shortcomings  of  Soxhlet's  method 
when  milk  j)oor  in  fat  or  skimmed  milk  is  used.  He  says  milk  contain- 
ing under  2  per  cent,  of  fat  must  be  evaporated  with  gypsum  before  it 
w^ill  give  up  its  fat  to  ether.  Yet  it  must  not  be  forgotten  that  gypsum 
will  give  up  something  to  ether,  also.  Schmoeger  obtained  from  20 
grams  of  pure  ignited  gypsum  5mg.  and  from  20  grams  sea  sand  2mg.  of 
extract.  These  facts  must  be  taken  into  consideration  when  the  gravi- 
metric comparisons  of  fat  per  cents  with  the  areometric  results  are 
made.  Certain  variations  in  the  method  of  making  these  gravimetric 
determinations  have  lately  come  into  use,  which  promise  some  imjjrove- 
ment.  Babcock^  substitutes  ignited  asbestos  for  sand  or  gyj)sum.  This, 
in  my  opinion,  is  a  great  improvement.  Babcock'^  also  dispenses  with 
the  evoprating  dish  and  uses  a  tube  open  at  both  ends  filled  with  as- 

^Zeit.  Anal.  Chem.,  loc.  clt. 

^Bericbt  ueber  die  Thatigkeit  des  Milcliwirtliscliaftliclien  Instituts  zu  Proskau,  as 
quoted  in  Zeit.  Anal.  Chem.,  1885,  p.  130. 
3  Second  Ann.  Rept.  Bd.  Control  N.  Y.  Exp,  Sta.,  p.  167. 
*Zoc.  cit. 
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bestos,  with  a  plug  of  cotton  at  each  end.  The  milk  is  absorbed  by  the 
asbestos,  the  tube  is  then  placed  in  a  steam  bath  and  a  slow  current  of 
air  drawn  through  it  hj  an  aspirator.  In  two  hours  the  desiccation  is 
complete.  The  method  gives  satisfactory  results.  It  is  inconvenieut, 
however,  to  work  a  large  number  of  samples  at  once  by  this  method. 
After  drying,  the  tube  is  placed  in  a  continuous  extractor  and  the  fat 
removed  by  ether.  I  have  used  the  following  modification  of  the  gravi- 
metric method.  The  evaporation  is  made  in  a  schalchen  half  filled  with 
fine,  pure  asbestos.  About  5  grams  of  milk  are  taken  for  each  deter- 
mination. The  water  is  driven  off  at  100^  0.  and  after  the  total  solids 
have  been  noted  by  weighing,  the  asbestos  is  removed  to  the  extraction 
tube.  The  schalchen  is  then  finely  ground  in  a  mortar,  transferred 
to  the  extraction  tube  and  the  mortar  and  pestle  thoroughly  washed 
with  ether.     The  extraction  is  then  made  in  the  usual  way. 

Adams^  proposes  the  use  of  blotting  paper  rolled  into  a  helical  coil  as 
the  absorbent  of  the  milk  for  the  i^urpose  of  drying  and  extraction  of 
the  fat.  Johnstone^  modifies  this  method  by  using  disks  of  blotting 
l)aper  held  in  a  circular  i)latinum  dish.  Dr.  Yieth^  hesitates  to  approve 
the  blotting  paper  method  on  account  of  the  fact  that  blotting  paper 
itself  gives  up  a  considerable  extract  to  ether. 

Alien  and  Ohattway^  recommend  certain  modifications  in  Adams' 
method,  consisting  in  a  peculiar  method  of  winding  the  coil  of  blotting 
paper. 

Thompson^  proposes  the  use  of  filtering  paper  instead  of  blotting  i)a- 
per.  I  have  had  this  method  tried  in  the  laboratory  by  Mr.  Knorr  and 
with  pleasing  results.  Care  must  be  taken,  however,  to  use  only  filter- 
ing paper  which  has  been  previously  thoroughly  extracted.  It  was 
found  that  the  filtering  paper  necessary  to  absorb  5  grams  of  milk  was 
afforded  by  a  piece  21  inches  in  length  by  2.5  inches  in  breadth.  This 
paper  extracted  with  ether  gave  the  following  residues : 


Milli- 
grams. 

No.  1 

11.4 
1.3.4 
12.0 
10.5 
12.2 
20.9 
15.5 

No.  2 

Xo.  3. -i 

]S^o  4 

Kg.  6 

No  7                --           

No  8  

Since  the  tables  of  the  Soxhlet  method  are  based  on  the  old  method 
of  extraction  they  will  have  to  be  revised  for  the  new  data  given  by  the 
Adams  method. 

One  great  advantage  of  the  Adams  method  as  modified  by  Thompson 
I  have  found  to  consist  in  the  rapidity  with  which  the  preliminary  dry- 


1  Analyst,  1885,  p.  48. 
UUd.,  1885,  p.  83. 


Uhkl,  1885,  p.  8G. 
^Ibid.,  1886,  p.  71. 


^Ibid.,  1886,  p.  73. 
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JDg  is  accomplisbed.  I  have  been  able  to  put  5cc.  of  milk  on  a  strii)  of 
pai)er,  hang  it  over  a  sand  bath  and  have  it  rolled  and  in  the  extractor 
within  five  minutes. 

I  mention  this  to  sho^y  that  even  in  the  matter  of  gravimetric  deter- 
minations by  which  the  areometric  method  is  finally  judged,  there  is 
still  a  certain  limit  of  variability^ 

I  will  return  now  to  the  subject  more  immediately  under  discussion. 
Schmoeger  further  says^  that  with  skimmed  milk,  buttermilk,  and  such 
milks  as  have  stood  twenty-four  hours  on  ice  the  ether-fiit  solution  sep- 
arates difficultly  or  not  at  all.  To  avoid  this  he  recommends,  after  the 
addition  of  the  potash,  fully  five  minutes  shaking,  in  order  to  form  but- 
ter of  the  fat.  Then  the  ether  is  added  and  the  process  continued  as 
usual.  In  this  case  the  jiercentage  obtained  by  the  areometric  method 
mnst  be  increased  .1  per  cent,  in  order  to  agree  with  the  gravimetric  de- 
terminations. Schmoeger  further  recommends  that  skimmed  milk  or 
sweet  buttermilk  after  treatment  with  potash  be  shaken  with  10  grams 
potassium  sulphate  until  the  latter  is  dissolved.  But  this  method  also 
influences  the  specific  gravity  of  the  ether-fat  solution,  and  the  correc- 
tions to  be  made  are  found  in  the  table  given.^ 

Soxhlet  himself^'  has  called  attention  to  the  fact  that  with  skimmed 
milk  the  ether-fat  solution  does  not  readily  separate.  A  special  scale 
has  been  constructed  for  such  fat-poor  milks  giving  areometric  readings 
from  21.1  to  13,  with  the  corresponding  percentages  of  fat.  For  such 
milks  Soxhlet  i)roposes  the  following  treatment,  viz  :  A  soap  solution  is 
made  by  taking  15  grams  of  a  stearine  candle,  adding  to  it  25cc.  alco- 
hol, and  lOcc.  of  the  potash  solution  of  the  strength  before  given.  The 
stearine  is  saponified  by  heating  the  mixture,  and  after  the  solution  has 
become  clear  it  is  made  up  to  lOOcc.  with  water.  From  .4  to  .occ.  of 
this  solution  is  added  to  the  milk  under  examination,  and  after  a  good 
shaking  the  rest  of  the  process  is  carried  on  in  the  usual  way.  After 
the  first  thorough  shaking  on  the  addition  of  the  ether  the  light  jolting 
must  be  continued  for  fifteen  minutes  at  intervals  of  half  a  minute  in 
order  to  have  the  ether  solution  collect  at  the  top.  At  longest,  the  so- 
lution separated  after  three  or  four  hours. 

Haleuke  and  Moslinger*  call  attention  to  the  fact  that  if  samples  of 
milk  are  kept  for  some  time,  even  on  ice,  the  ether-fat  solution  will  no 
longer  separate.  They  prefer  in  such  cases  a  modification  of  Lieber- 
mann's  method,  which  they  describe.  In  general  I  may  say  the  areo- 
metric method  has  met  with  the  approval  of  all  analysts  who  have  used 
it  with  exception  of  Preusse-'^,  but  Soxhlet*^  has  shown  that  Preusse  did 
not  understand  how  to  use  the  apparatus. 

1  OjJ.  cU. 

''Ibid.,  p.  132. 

3Zeit.  laudw.  Ver.  Bayeru,  1882,  p.  18. 

**  Ver.  Bay.  Vertreter  d  Angewand.  Cliem.,  p.  110. 

^Mittheil.  Reichsgesundlieitsamt,  vol.  I,  p.  378, 

e^eit.  landw.  Yer.  Bayern,  1881,  p.  700. 
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The  following  chemists,  iu  addition  to  those  already  mentioned,  have 
given  the  method  their  entire  approval :  Egger,  Kellner,  Schrodt,  Fried- 
lander,  Meissel,  Fleischmaii,  Ilofmeister,  Deitzell,  Moser,  Schreiner, 
Janke,  Gerner,  and  Angstrom. 

I  will  give  now  some  of  my  own  experiences  with  the  areometric 
method  : 

The  milk  examined  by  me  was  mostly  obtained  from  a  neighboring 
dairy  and  was  a  mixture  from  forty  cows.  Samples  were  also  bought 
from  dealers  in  the  city.  The  milk  from  the  dairy  mentioned  was  drawn 
at  5  p.  m.,  and  the  examination  made  the  following  morning.  This  may 
partially  account  for  the  small  success  I  had  in  securing  a  good  separa- 
tion of  the  ether- fat.     The  work  extended  from  March  23  to  May  7, 1886. 

With  the  first  series  of  samples  in  which  the  method  of  separation 
recommended  by  Soxhlet  was  followed  ninety-three  trials  were  made. 
In  only  four  cases  was  the  separation  sufficiently  good  to  get  a  reading 
within  thirty  minutes.  A  larger  number  of  readings  was  obtained  within 
an  hour,  and  about  half  the  number  could  be  read  at  the  end  of  three 
or  four  hours.  Of  the  remainder  about  one-half  could  be  read  after 
twenty-four  hours,  and  the  rest  did  not  separate  at  all.  The  results  of 
reading  the  areometer  at  different  times,  however,  showed  that  the 
density  of  the  either-fat  solution  underwent  quite  a  change.  The  fol- 
lowing data  will  show  the  nature  and  extent  of  this  change: 


Xo. 

Per  cent.  fat. 

First  re- 
sults. 

Eesults 
after  24 
liours. 

Difference. 

1 

2 

3 

4 

5 

6 

7 

4.16 
3.52 
8.20 
3.63 
5.28 
4.81 
4.81 

4.08 
3.83 
3.52 
3.  08 
5.28 
5. 13 
4.71 

-0.08 
0.31 
0.30 
0.05 
0.  00 
0.  32 

-0.10 

From  the  above  it  is  seen  that  there  is  no  uniformity  in  the  character 
of  this  change,  but  In  the  greater  number  of  cases  the  areometer  shows 
an  increase  in  the  percentage  of  fat  on  standing. 

Attempts  also  to  obtain  a  more  perfect  separation  by  varying  the 
quantity  of  potash  employed  gave  only  conflicting  results. 

I  was,  therefore,  forced  to  the  conclusion  that  for  general  work 
Soxhlet's  method  would  prove  useless  unless  some  method  could  be  de- 
vised to  secure  a  prompt  and  uniform  separation  of  the  ether-fat  solu- 
tion. 

Various  theories  have  been  proposed  to  account  for  this  peculiarity 
of  milk  in  refusing  to  allow  the  ether  solution  to  separate.  Caldwell 
and  Parr  have  supposed  it  to  be  due  to  the  bran  in  the  cow's  food ;  Lieber- 
mann  ascribes  it  to  failure  of  manipulation  j  Schmoeger  that  it  is  caused 
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by  the  milk  standing  ou  ice ;  Soxhlet  thinks  it  is  the  result  of  deficiency 
of  fat;  and  others  attribute  it  to  differences  in  age  and  breed  of  the 
cows.  The  resume  which  precedes  shows  that  not  oulj^  the  actual  vol- 
ume of  the  ethereal  solution,  but  also  the  time  of  the  separation  required, 
has  a  serious  disturbing  influence  on  the  specific  gravity  of  the  ether-fat 
solution. 

Therefore,  the  method,  in  order  to  be  of  general  application,  must  be 
subjected  to  some  radical  modification. 

In  this  direction  were  the  attempts  to  secure  a  more  prompt  separa- 
tion by  varying  the  amounts  of  caustic-potash  solution  employed.  These 
attempts,  as  the  record  has  shown,  were  entirely  unsuccessful.  Even 
if  the  different  kinds  of  milk  would  permit  a  prompt  separation  by  vary- 
ing the  quantities  of  alkali  employed,  the  amount  for  each  sample  could 
only  be  determined  by  numerous  and  tedious  experiments. 

I,'  therefore,  turned  my  attention  in  another  direction.  It  seemed  to 
me  that  a  centrifugal  machine  might  be  used  to  secure  this  separation, 
and  accordingly  I  had  a  castaway  drug-mill,  formerly  used  in  the  labo- 
ratory, modified  so  as  to  serve  for  this  purpose.  The  machine  was  so 
arranged  as  to  hold  four  separatory  flasks  and  impart  to  them  a  high 
speed  of  rotation.  The  form  of  the  machine,  with  modifications  made, 
is  shown  in  figure  2.  r^ 

At  this  point  of  my  investigations  this  apparatus  was  finished  and  I 
immediately  subjected  it  to  a  trial. ^ 

Four  samples  which  had  not  separated  at  all  at  the  end  of  three  hours 
were  placed  in  the  apparatus  and  whirled  for  ten  minutes.  At  the  end 
of  this  time  three  of  them  had  completely  separated,  and  the  fourth 
nearly  so.  The  apparatus  was  set  in  motion  again  for  five  minutes,  at 
the  end  of  which  time  the  separation  of  the  fourth  sample  was  accom- 
plished. 

The  number  of  revolutions  per  minute  of  the  machine  was  about  350. 

It  will  be  seen  from  the  above  that  the  ver^'  first  trial  of  the  machine 
was  completely  successful,  securing  a  perfect  separation  of  the  ether-fat 
solution  in  a  few  moments  in  samples  which  previous  trial,  by  the  usual 
method^  had  failed  to  separate  in  several  hours. 

The  next  determinations  were  made  on  a  sample  of  milk  purchased 
at  the  Department  restaurant. 

Duplicate  flasks  were  treated  in  the  usual  way  to  secure  the  separa- 
tion, and  only  at  the  end  of  two  and  a  half  hours  was  enough  clear  solu- 
tion obtained  to  get  a  reading:  ISo.  1  gave  2.40  per  cent,  fat;  No.  2, 
2.30  per  cent.  fat. 

The  first  set  of  samples  of  the  same  milk  separated  by  the  centrifugal 
gave  the  percentages  following :  No.  1,  5.52  per  cent,  fat ;  No.  2,  2.32  per 
cent.  fat. 

1  This  apparatus  was  first  described  before  the  Chemical  Society  of  Washington, 
May,  1886,  and  next  at  the  Buifalo  meeting  of  the  A.  A.  A.  S.,   August,  1886. 
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The  separation  took  place  perfectly  iu  ten  miutites,  with  a  rate  of  rev- 
olution of  about  300  per  minute. 

The  second  set  of  fonr  samples  \Yas"  treated  in  the  same  way  and  sep- 
arated completely  in  eight  minutes.  The  following  readings  were  ob- 
tained: No.  1  gave  2.36  per  cent,  fatj  No.  2,  2.34  per  cent,  fatj  ^o.  3, 
2.31  per  cent,  fat;  Xo.  4,  2.30  per  cent.  fat. 

The  third  set  of  samples  separated  by  the  centrifugal  showed  the 
following  percentages:  No.  1  gave  2.23  per  cent,  fat;  No.  2,  2.30  per 
cent.  fat. 

The  volume  of  the  clear  ether-fat  solution  in  each  case  was  about  40cc. 

The  next  trial  was  with  milk  also  purchased  in  the  Department  res- 
taurant. It  proved  to  be  one  of  the  rare  cases  in  which  a  reasonably 
promr>t  separation  was  securei  by  the  old  method.  After  thirty  min- 
utes about  25cc.  of  the  ether  solution  had  separated,  which  was  enough 
to  get  a  reading.  Duplicate  determinations  were  made :  No.  1  gave 
2.08  per  cent,  fat ;  No.  2,  2.04  per  cent.  fat. 

Four  separations  of  the  same  milk  were  also  made  with  the  centrif- 
ugal. Separation  took  place  promptly  in  eight  minutes  at  a  speed  of 
about  200  revolutions  per  minute,  and  the  volume  of  ether-fat  in  each 
case  was  about  40cc. :  No.  1  gave  2.01  jyer  cent,  fat;  No.  2,2.01  per 
cent,  fat;  No.  3,  2.00  per  cent,  fat;  No.  4,  2.04  per  cent,  fat;  which  is  an 
agreement  as  close  as  any  one  could  exr)ect. 

Having  thus  shown  that  the  centrifugal  method  was  capable  of  making 
the  areometric  method  applicable  to  almost  every  sami)le  of  milk,  I  un- 
dertook a  new  series  of  experiments.  In  all,  155  samples  were  subjected 
to  treatment. 

Of  the  155  sami^les  examined  only  57  gave  a  good  separation  by  the 
Soxhlet  method  in  thirt^^  minutes.  Of  the  remaining  98,  about  half  did 
not  separate  at  all  so  as  to  permit  a  reading,  and  the  other  half  only 
after  several  hours.  Compare  this  with  the  centrifugal  method,  in 
which  only  6  samples  out  of  the  whole  lot  required  over  fifteen  minutes 
for  separation  and  only  one  was  abandoned  as  entirely  inseparable,  and 
the  more  general  application  of  the  process  is  at  once  apparent. 

Of  the  6  samples  mentioned  above,  3  were  from  the  same  cow,  a 
grade  Shorthorn,  four  years  old,  weight  about  800  pounds,  in  milk  since 
July  1,  1885.  She  gave  6  quarts  of  milk  a  day,  was  milked  at  5  a.  m. 
and  5  p.  m.  The  samples  of  milk  sent  were  taken  at  5  p.  m.,  on  April  13, 
17,  and  22,  respectively.  The  food  received  by  this  cow  was  the  same 
as  for  all  the  others  (36)  from  which  samples  were  taken  for  analysis. 
They  received  at  5  a.  m.  3  pounds  of  wheat  bran,  and  the  same  of  hom- 
iny chops,  and  then  as  much  corn  (maize)  fodder  as  they  could  eat.  The 
bran  and  chops  were  fed  dry.  In  i^leasant  weather  the  cows  were  out 
until  3  p.  m.  They  were  then  fed  10  pounds  each  of  unthrashed  oats. 
At  5  1^.  m.  they  got  a  half  peck  of  chopped  turnips  and  a  rei)etitiou  of 
the  morning's  feed  of  bran  and  chops. 
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The  hominy  chops  used  sho^Yed,  od  analysis,  the  following  coiiipo 
sition : 


Per  cent. 

Water 

7.13 
2.53 
9.03 
69.32 
2.3G 
9.63 

Ash 

Carbohydrates 

Crude  fiber 

All>nmir"^ids             

Two  of  the  other  samples  were  received  April  27  and  30  from  a  thor- 
oughbred Jersey,  four  years  old,  weight  about  600  pounds,  in  milk  since 
July  1,  1885,  giving  at  the  time  about  5  quarts  daily.  On  the  29th  of 
April  samples  of  milk  were  also  treated  from  the  same  cow,  but  after 
dilution  the  centrifugal  separation,  although  more  than  usually  diffi- 
cult, did  not  require  so  long  a  time  as  on  the  occasion  mentioned. 

There  is  nothing  shown  by  the  analysis,  by  the  breed  of  cow,  nor  by 
the  food  which  gives  any  definite  idea  of  the  cause  of  the  peculiarity  in 
these  milks  which  does  not  permit  a  speedy  separation.  It  certainly 
is  not  the  quantity  of  fat  present,  for  other  milks  having  the  same, 
more  or  less,  amounts  of  fat  separated  without  difficulty.  In  the  ab- 
sence of  any  further  evidence  on  this  point  we  can  only  attribute  the 
phenomenon  to  bovine  idiosyncrasy. 

In  all  90  samiiles  were  compared  by  the  usual  method  of  separation 
and  by  the  centrifagal.  By  the  former  method  the  mean  percentage  of 
fat  obtained  was  4.01  and  by  the  latter  3.88.  It  thus  appears  that  the 
numbers  obtained  by  the  centrifugal  method  must  be  increased  by  .13 
in  order  to  correspond  to  those  of  the  old  method.  This  discrepancy  is 
readily  explained  when  it  is  remembered  that  by  the  centrifngal  motion 
the  j)ercentage  of  ether  left  in  emulsion  would  naturally  be  less  than 
with  the  former  process  of  separation.  The  ether-fat  solution  thus  be- 
comes more  dilute  and  consequently  has  a  lower  specific  gravity.  When, 
therefore,  the  percentage  of  fat  in  a  milk  determined  areometrically,  is 
calculated  by  the  tables  given  for  the  old  method  of  separation,  it  should 
be  increased  by  .13  in  order  to  represent  the  actual  quantity  present. 

I  think  it  safe  to  conclude  from  the  data  which  have  been  obtained : 

First,  that  the  method  of  Soxhlet  cannot  be  applied  to  the  determi- 
nation of  fat  in  American  milks,  especially  if  they  be  from  individual 
animals.  It  works  somewhat  better  on  mixed  milks  from  a  large  dairy, 
but  even  in  this  case  it  is  a  rare  thing  to  secure  a  p  rompt  separation 
and  in  most  cases  the  method  would  be  very  difficult  of  application. 

Second,  that  by  the  use  of  the  centrifugal  machine  described  a  prompt 
separation  of  the  ether-fat  solution  can  be  obtained  in  all  cases,  even  in 
those  in  which  after  forty-eight  hours  no  separation  whatever  takes 
place  by  the  usual  method. 

Third,  tbat  the  estimation  of  the  fiit  in  milk  by  Soxhlet's  areometer 
can  only  be  accurately  secured  when  standard  volumes  of  aqueous  ether 
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and  caustic  potash  are  employed,  wheu  the  volume  of  the  ether-fat  so- 
hition  separated  is  sensibly  constant  and  the  time  employed  in  separa- 
tion sensibly  the  same.  These  conditions  can  only  be  secured  by  the 
use  of  the  centrifugal  machine  described. 

I  propose  to  use  a  centrifugal  aj^paratus  also  for  assisting  in  the  sepa- 
ration of  the  ether-fat  solution  in  the  lactobutyrometer  5  and  it  has  al- 
read}^  l)roved  its  usefulness  iu  separating  precii)itates  which  subside 
very  slowly. 

I  am  of  the  opinion  that  such  a  machine  would  prov^e  of  great  value 
in  every  chemical  laboratory  aside  from  its  utility  in  determining  the 
fats  in  milk, 

Cronander^  has  proposed  the  following  method  of  estimating  the  fat 
in  milk : 

A  glass  flask  of  200  to  250cc.  capacity,  and  two  glass  tubes  constitute 
the  chief  parts  of  the  apparatus.  One  of  the  tubes  is  furnished  with 
a  scale  dividing  it  into  ten  equal  parts.  Below  the  last  division  the 
scale  is  expanded  into  a  bulb,  below  which  the  tube  extends  for  about 
5cm.  The  other  tube  is  bent  to  an  obtuse  angle  and  serv^es  for  the  in- 
troduction of  hot  water  into  the  flask  to  drive  the  fat  into  the  measur- 
ing tube  at  the  end  of  the  operation.  Both  tubes  are  fastened  to  a  cork 
stopper  in  such  a  manner  as  to  have  the  measuring-tube  end  even  with 
the  under  surface  of  tha  stopper,  while  the  other  extends  almost  to  the 
bottom  of  the  flask. 

Of  the  milk  to  be  analyzed  lOOcc.  are  taken  at  17.5o  0.,  lOcc.  potash  lye 
(200  grams  to  the  litre)  added  and  30cc.  aqueous  ether.  The  flask  is 
corked  and  thoroughly  shaken.  The  ether-fat  solution  collects  at  the 
top  (after  one  hour),  and  after  evaporating  the  ether  the  residual  fat  is 
forced  into  the  measuring  tube  by  pouring  water  at  70^  0.  to  80^  0.  into 
the  flask.  The  volume  of  the  fat  is  thus  determined  and  its  per  cent. 
can  be  calculated. 

liebermann's  method.  2 

This  method,  like  that  of  Soxhlet's,  depends  on  the  separation  of  a 
fat  from  a  mixture  of  milk  and  caustic  i)otash  by  shaking  it  with 
ether. 

Ajyparatus. — (1)  A  glass  cylinder  with  ground  glass-stopper,  26cm. 
high  and  3.5cm.  diameter.  (2)  Burettes  of  the  form  shown  in  Figs.  3,  4. 
(3)  x\  glass  hask  holding  from  45  to  4:7cc.,  according  to  size  of  burette 
employed ;  neck  1cm.  diameter,  with  edge  ground  accurately  in  a  hori- 
zontal plane.  (4)  Four  pipettes,  two  of  50cc.  and  one  each  of  20cc.  and 
5cc.     Before  beginning  the  operation  the  flask  is  graduated  as  follows: 

The  burette.  Fig.  3,  is  lilled  to  the  zero-point  with  pure  water  at  the 
temperature  of  the  working  room.     The  water  is  now  run  out  of  the 

^  Milchzeitung,  vol.  11,  pp.  lGl-164. 

2Zeit.  Anal.  Cliem.,  1883,  p.  383;  1884,  p.  476;  1884,  p.  87. 
19330_Ko.  13 7 
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burette  into  the  flask  (previously  carefully  cleaned  aud  dried) ,  uutil 
the  meuiscus  at  the  grouud  edge  of  the  neck  passes  froiu  the  coucave 
to  the  couvex  form,  a  change  which  is  effected  by  a  siugle  drop.    Wheu 

the  flask  is  nearly  full  at  least  five  minutes 
should  be  allowed  for  the  water  to  settle 
in  the  burette.  The  cubical  contents  of 
the  flask  are  now  noted  from  the  burette. 
Reagents. — A  solution  of  caustic  x^otash 
haviug  a  specific  gravity  of  1.27.  A  solu- 
tion of  aqueous  etfier  the  same  as  is  used 
iu  Soxlilet's  method. 

Maniinilation. — Fifty  cubic  centimeters 
of  the  milk  iu  the  cylinder  described  above 
are  treated  with  5cc.  of  the  potash  solu- 
tion, well  shaken  and  allowed  to  stand  for 
five  minutes.  This  is  next  treated  with 
50cc.  of  the  aqueous  ether,  and  gently 
shaken  for  ten  seconds.  The  cylinder  is 
now  allowed  to  stand  for  twenty  minutes, 
receiving  every  half  minute  one  or  two 
light  vertical  blows.  At  the  end  of  this 
time  the  separation  of  the  clear  ether  layer 
is  usually  complete,  yet  it  sometimes  hai>. 
XJens  that  some  of  the  emulsion  adheres  to 
the  under  part  of  the  flask  in  the  form  of 
a  transparent  covering.  By  means  of  a 
gentle  rotating  movement  imparted  to  the 
cylinder  this  emulsion  is  collected  and  rap- 
idly settles. 

With  a  20cc.  pipette  the  clear  ether  solution  is  removed.  Before  this 
i.^  allowed  to  flow  into  the  flask  that  part  of  it  which  has  been  dipped 
into  the  solution  is  carefully  wipetl,  so  that  no  part  of  the  potash  liquid 
can  drop  into  the  flask.  The  ether  solution  is  now  evaporated,  and  the 
residue  dried  for  at  least  half  an  hour  at  a  tern  perature  of  110^  C,  or  what 
is  still  better,  over  a  small  flame  until  the  odor  of  the  decomposed  butter 
is  detected.  The  whole  is  now  cooled  in  a  dessiccator.  It  can  now 
be  weighed,  if  the  weight  of  the  flask  is  known,  or  it  can  be  estimated 
volumetrically. 

In  case  the  estimation  is  made  vohiini^trically,  it  must  be  carefully 
observed  that  the  sohdified  fat  coutaius  no  air  bubbles.  In  case  any 
air  bubbles  are  noticed  the  fat  must  be  again  melted  and  warmed  until 
they  have  all  disappeared. 

Into  the  flask  containing  the  sulidified  batter  fat  water  is  again  run 
out  of  the  burette  under  the  same  conditions  which  obtained  in  deter- 
mining the  contents  of  the  flask  at  first.    It  is  of  the  greatest  impor- 
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tance  that  all  the  measurements  be  made  with  the  greatest  exactitude, 
since  a  single  drop  too  much  or  too  little  will  inlluence  the  result. 

In  case  some  small  i)articles  of  the  butter  fat  are  detached  and  swim 
about  in  the  liquid  no  fear  need  be  entertained  that  the  results  of  the 
measurement  will  be  influenced  thereby. 

It  will  ai)i)ear  at  once  that  the  difference  between  the  voluine  of  water 
originally  held  by  the  flask,  and  that  Avhich  was  necessar\^  to  fill  it  after 
the  fat  had  been  added,  will  represent  the  volume  of  the  fat  which  was 
contained  in  the  20cc.  of  the  ether  solution.  This  number  multiplied  by 
5  will  give  the  volume  per  cent,  of  the  fat  at  the  temperature  at  which 
the  experiment  was  made. 

For  converting  volume  per  cent,  into  weight  per  cent,  the  following- 
table  is  used : 

Table  for  convcrtiiKj  volume  per  cent,  into  ive'Kjht  per  cent. 

At  teinperaturo  15°  C,  volume  per  cent.x.  91109=weiglit  per  ceut. 

16°  . 90831 

17°  .  90642 

18°  .  90377 

190  .  90170 

20°  .  90034 

21°  .  89837 

22°  .  89626 

230  .  89216 

240  .  83822 

25°  .  88703 

260  .  87584 
270                                      .     .  87463 

28°  .  87327 

290  .  87191 

30°  . 87055 

The  following  example  will  show^  the  manner  in  which  the  above-de- 
scribed method  of  analysis  may  be  reckoned. 

The  graduation  of  the  flask  shows  a  volume  of  ttScc.  and  25cc.  After 
the  evaporation  of  the  20cc.  of  the  ether  solution  4:7.occ.  water  was  neces- 
sary to  fill  the  flask.  The  volume  of  fat  which  was  contained  in  the 
20cc.  of  the  ether  solution  is  therefoie  48.25— 47.38=. 95cc.  This  number 
multiplied  by  5  gives  4.7occ.  volume  per  cent,  of  lat.  The  temperature 
at  which  the  estimation  was  made  was  17°  0. 

Looking  now  in  the  table,  opposite  17°  C.  we  find  the  factor  .90642 
This  number  multiplied  by  4.75  gives  4.3,  which  is  equal  to  the  per  cent 
of  fat  by  w  eight. 

If  it  is  wished  to  determine  the  per  cent,  by  weight  of  butter  i)er 
100  grams,  and  not  cubic  centimeters  as  before,  it  is  necessary  to  de- 
termine the  specidc  gravity  of  the  milk  and  to  proceed  according  to 
the  following  formula  : 

2)  1000 
^-      !S 

In  this  formula  P  denotes  tlie  number  sought,  2^  the  quantity  of  fafc 
found  for  100  cubi'3  centimeters,  and  S  the  specific  gravity  of  the  milk. 

According  to  Woltl    the  percentage  of  iat  obtained  by  the  method 
ust  mentioned  is  too  high,  because  a  part  of  the  ether  used  for  separat- 
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iug  the  fat  remains  dissolved  in  the  alkaline  milk  and  this  part  of  the 
ether  contains  no  fat.  The  result  is  that  the  ethereal  solution  of  the  fat 
contains  more  of  this  substance  than  it  otherwise  would  if  the  whole 
of  the  ether  was  separated. 

Wolff  has  therefore  proposed  the  following  changes  in  the  quantities 
of  the  reagents  to  be  used  and  claims  thereby  to  have  obtained  results 
which  wholly  agree  with  the  estimations  of  fat  by  weight.  For  50cc.  of 
milk  he  proposes  3cc.  of  potash  lye  of  1.145  specific  gravity  and  51cc. 
of  the  aqueous  ether. 

Liebermann,  however,  in  a  review  of  the  methods  proposed  by  Wolft, 
maintains  that  his  original  method  gives  entirely  reliable  results. 

FLEISCIIMAN  AND   MQKGEN'S   METHOD. ^ 

Fleischmau  and  Morgen  describe  a  method  of  determining  fat  in  milk 
when  the  specific  gravity  and  total  solids  are  known. 
Fleischmau^  gives  a  more  detailed  study  of  this  method. 
The  formulai  for  the  calculations  are  as  follows : 

(2)       /=0.833-2.22^-5«^ 

In  these  formula3  ^=per  cent,  total  solids j  /==per  cent,  fat  iu  milk? 
S=specific  gravity  of  the  milk  at  15^  0. 
The  above  formula  may  be  simplified  by  putting 

(^=1008-100. 

Tables  are  given  to  aid  in  the  calculation  of  the  results.  By  these 
formulae  when  either  the  per  cent,  of  fat  or  the  total  solids  is  known  the 
other  can  be  calculated  with  a  high  degree  of  accuracy. 

ESTIMATION  BY   VOLUME   OF   CREAM. 

The  determination  of  the  volume  of  cream  gives  a  rough  ai^proxima- 
tion  of  the  percentage  of  fat  in  the  milk. 

The  methods  generally  in  use  are  based  on  the  natural  separation  of 
the  fat  globules  on  standing  and  the  estimation  of  the  volume  thereof 
in  a  graduated  cylinder. 

The  creamometer  of  Chevalier^  will  serve  as  a  type  of  all  apparatus 
of  this  class.     It  is  a  cylinder  20cm.  high  and  40cm.  diameter.    The  scale 

1  Phurni.  Ceutralb.,  vol.  24,  p.  435;  Zeit.  Anal.  Chem.,  1884,  p. 87. 

2  Jour.  Landw.,  1882,  pp.  293-301. 
^Jour.  Lauclw.,  1885,  pp.  251  et  scq. 

■*  Becke,  Milclipriifiin^s-Methoden,  p.  40. 
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begins  at  5(;m.  froDi  tlie  top  of  tlie  cyliiider  and  is  extended  downwards. 
Each  mark  is  one-luindredtli  of  the  whole  volume.  Being  filled  with 
milk  to  the  zero  point  and  allowed  to  stand  twenty-four  to  forty-eight 
hours,  the  percentage  of  cream  is  read  directly  on  the  scale. 

Since  the  volume  of  cream  formed  depends  on  the  shape  of  the  vessel 
the  temperature,  and  the  time,  this  method  is  not  reliable.  This  error 
is  reduced  to  a  minimum  by  the  use  of  a  centrifugal  machine  for  sepa- 
rating the  cream.  A  machine  for  this  purpose  has  been  constructed  by 
Lefeldt.i 

In  1883  I  saw  a  very  convenient  machine  which  had  been  constructed, 
in  the  laboratory  of  the  University  of  Illinois  at  Champaign.  The  appa- 
ratus already  described  for  separating  the  ether  fat  solution  in  Soxhlet's 
method  I  have  used  with  success  in  separating  cream.  The  centrifugals 
used  in  separating  the  cream  from  the  milk  in  large  dairies  are  con- 
structed on  the  same  principle. 

For  a  comparison  of  the  numbers  obtained  b}^  these  processes  with 
those  given  by  the  gravimetric  determination,  I  refer  to  Becke's  mono- 
graph.^ 

The  Lactocrite. — This  name  is  given  to  an  instrument  invented  by  De 
LavaP  designed  to  separate  the  fat  in  milk  after  appropriate  chemical 
treatment. 

The  test  vessels  used  in  this  apijaratus  are  cylindrical  boxes  made  of 
silvered  metal,  with  accurately  ground  hollow  silvered  stoppers.  These 
stoppers  are  expanded  at  the  bottom,  and  at  the  top  are  contracted, 
and  end  in  a  small  hole.  They  are  joined  to  a  glass  tube  of  small  inter- 
nal diameter.  This  tube  is  furnished  with  a  jacket  by  which  it  can  be 
screwed  onto  the  stopper,  and  this  jacket  carries  two  longitudinal  slits, 
through  which  the  divisions  in  the  glass  tube  can  be  read.  In  the  bot- 
tom of  the  jacket  is  a  hole,  so  that  the  glass  tube  and  metal  stopper 
form  a  canal  open  at  both  ends. 

The  centrifugal  machine  consists  of  a  steel  revolving  disk.  In  the 
upper  i)art  of  this  there  is  a  circular  cavity,  extending  from  which,  like 
radii,  are  12  holes  to  receive  the  test  apparatus  above  described. 
These  holes  dip  slightly  downward.  The  disk  is  incased  with  a  jacket 
having  a  removable  cover,  which  prevents  a  too  rapid  fall  of  temi)era- 
ture  during  the  oi^eration.  By  means  of  ai)i)ropriate  apparatus  the 
disk  can  be  driven  at  the  rate  of  about  G,00()  revolutions  per  minute. 

PreparatioJi  of  the  millc. — In  an  ordinary  test  tube  put  equal  portions 
of  tlie  milk  to  be  tested  and  a  mixture  of  20  parts  of  concentrated 
acetic  and  one  part  of  sulphuric  acid.  The  test  tube  is  closed  with  a 
cork  in  which  is  fixed  a  glass  tube,  shaken,  and  heated  for  ten  to  fifteen 
minutes  in  a  water  bath  with  frequent  shaking. 

1  Becko,  02).  cit.,  j).  43. 

2  0/).  cH.,  pp.  40-45. 

3Ding.  Poly.  J.,  vol.  2G1,  p.  219  ;  Cliem.  Ceiitrallilatt,  1886,  p.  798. 
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The  cyliiidrical  box  above  described  is  now  filled  from  the  test  tube, 
the  metal  cork  forced  in,  ^Yhereby  the  apparatus  is  entirely  filled  and 
the  excess  of  milk  forced  out  through  the  holes  in  the  bottom  of  the 
jacket. 

The  disk  having  been  warmed  to  50^  to  60^  C.  by  hot  water,  is  now 
filled  with  these  sami)les  and  revolved  for  three  to  five  minutes  at  the 
velocity  already  noted.  The  temperature  of  the  disk  should  not  be 
allowed  to  fall  below  50°  0. 

At  the  end  of  this  time  the  fat  has  completely  separated  and  its 
volume  can  be  read  on  the  divisions  of  the  glass  tube.  This  division 
is  so  arranged  as  to  represent  .1  per  cent. 

Blyth  ^  has  made  a  comparison  of  the  results  furnished  by  the  lacto- 
crite  with  those  obtained  by  Adams  method.  The  results  are  given  in 
the  following  table: 


l^o. 


Specific 
gravity. 


1033.  0 
1031.0 
1032.  0 

1030.  5 
1032.  0 
1031.5 
1032.  5 
10€0.  .5 

1031.  0 

1034.  0 

1035.  0 


Total 
solids. 


12.90 
14.12 
13. 12 
13.07 

12.  98 
14.  27 

13.  84 
13.00 
13.  51 
11.76 

9.99 


A.sh. 


Fat. 


Lacto- 
ciite. 


Adatn  f 


Differ- 
ence. 


.80 

3.40 

3.44 

-.04  j 

.80 

4.  55 

4.69 

-.14 

.77 

3.60 

3.57 

.03 

.74 

3.90 

3.99 

-.09 

.70 

3.80 

3.76 

.04 

.76 

4.90 

4.84 

.06 

.78 

4.20 

4.26 

.06 

.70 

3.70 

3.69 

.01 

.80 

4.05 

4.09 

.04 

.76 

2.10 

2.07 

.03 

.86 

.45 

.50 

-.05 

The  table  shows  the  greatest  differences  between  the  two  estimations 
to  be  .14  and  the  mean  difference  to  be  .05  per  cent. 

It  is  estimated  that  with  the  lactocrite  48  determinations  of  fat  in 
milk  can  be  made  in  an  hour. 

A  further  discussion  of  the  merits  of  the  1  actocrite  is  given  by  Faber.'^ 
He  says : 

One  great  advantage  of  the  lactocrite  is  tlie  very  simple  way  in  which  it  is  worked, 
so  that  no  skill  is  necessary,  bnt  any  dairyman  may  obtain  as  good  resnlts  as  the  ap- 
paratns  is  able  to  yield.  In  order  to  illnstrate  this,  I  give  below  the  resnlts  obtained 
by  two  persons  at  their  first  attempts;  the  first  person  is  a  dairyman  nsed  to  heavy 
work.     By  way  of  a  check  I  myself  made  some  tests  of  the  same  milks : 


By  myself. 

Dairyman. 

3.1 

3.1 

3.2 

3.2 

3.2 

Failed 

3.2 

3.2 

3.2 

3.1 

3.3 

3.2 

2.65 

2.  65 

2.6 

2.6 

2.65 

2.65 

2.6 

2.65 

These  very  favorable  resnlt.s  arc  of  iinporfniico  as  showing  that  in  the  lactocrite 
is  at  last  found  the  long  wished-for  apparatus,  possessing  the  two  qualities  not  hitber- 


' Analyst,  1887,  p.  34. 


■-.\n.Tlyst,  18^7,  i)p.  fi  ei  scq. 
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to  combined — simplicity  of  construction  and  working  nnd  sufficient  correctness  for 
all  practical  purposes. 

The  lactocrite  will,  no  doubt,  be  found  invaluable  for  butter  dairies,  or  dairy  fac- 
tories buying  milk  from  different  farmers,  by  enabling  them  to  carry  out  the  system 
of  paying  for  the  milk  according  to  the  amount  of  butter-fat  which  is  the  only  fair 
system.  At  present,  both  in  England  and  in  other  conntries,  the  farmer  whose  milk 
will  make  butter  at  a  rate  of  3  pounds  per  100  pounds  of  milk  gets  the  same  price  as  the 
farmers  whose  milk  is  so  rich  as  to  give  5  pounds  of  butter  per  100  pounds  of  milk, 
which  of  conrse  is  most  unfair.  When  milk  is  paid  for  according  to  the  fat  con- 
tained in  it,  the  temptation  to  skim  it  is  done  away  with,  and,  besides,  a  great  enconr- 
agemeufc  is  given  to  the  production  of  rich  milk. 

The  lactocrite  will  also  jjrove  of  nse  for  analysts  who  have  access  to  a  separator 
stand,  as  it  will  give  in  short  time  a  more  exact  determination  of  the  amount  of  fat 
than  any  other  apparatus.  In  this  connection  it  will  be  of  interest  to  know  that  a 
special  construction  of  it  has  been  adapted  to  fit  Dr.  Do  Laval's  small  hand  separator, 
worked  by  hand  and  requiring  no  foundation. 

Sebelien  has  published  n  comparison  of  the  results  obtained  with  the 
lactocrite  and  Oronander's  method  with  the  gravimetric  methods.^ 

Oronander's  method  gave  in  general  results  slightly  below  those  fur- 
nished by  the  gravimetric  and  Soxhlet's  processes. 

Dr.  Crouander,  to  avoid  this  error,  has  introduced  a  slight  modifica- 
tion into  liis  process  by  adding  a  little  alcohol  to  the  mixture  of  potash, 
ether  and  milk.  The  principle  of  the  separation  of  the  fat  thus  becomes 
the  same  as  in  the  lacobutyronieter  of  M.  Ohevreul.  By  using  this 
modified  process  it  was  found  possible  to  bring  the  results  up  near  to 
those  of  the  gravimetric  method. 

The  results  furnished  by  the  lactocrite  showed  an  almost  perfect 
agreement  with  the  gravimetric  numbers,  the  differences  being  usually 
within  0.05  per  cent. 

Attention  must  be  paid  to  keeping  the  test  tube  holding  the  milk  and 
acids  well  shaken,  especially  before  pouring  its  contents  into  the  metal 
box,  and  that  the  rest  of  the  apparatus  be  pressed  in  the  box  at  once 
when  the  milk  has  been  found.  In  proceeding  in  this  wny  no  separa- 
tion of  the  different  parts  of  the  test  liquid  is  possible,  and  thus  a  fair 
average  sample  is  recovered  in  the  test  glass. 

Concerning  the  question  of  the  advantages  of  the  lactocrite  as  com- 
pared with  other  forms  of  apparatus  for  estimating  the  fat  in  milk  Se- 
belien is  somewhat  conservative,  but  seems  to  think  that  the  matter 
will  soon  be  determined  by  comparative  trials. 

LACTOBUTYROMETRIC   METHOD. ^ 

This  volumetric  method  depends  on  the  separation  of  the  fat  from  the 
milk  by  a  mixture  of  ether  and  alcohol.  The  method  has  been  carefully 
studied  by  Caldwell  and  Parr.^ 

A  mixture  of  75  parts  of  pnre  ether,  100  of  absolute  alcohol,  and  135  of  water  are  em- 
ployed.    The  instrument  employed  is  made  of  moderately  thick-walled  tubing  (about 

1  Landw.  Versuchs-Stationen,  vol.  .33,  pp.  393  et  seq. 

'^Marchand,  Instruction  sur  I'emploi  du  lactobutyrometer,  Paris,  1856  and  1878. 

^  Am.  Chem.  Jour.,  vol   7,  pp.  238  et  scq. 
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1mm.):  the  stem  is  about  23cm.,  and  the  Lull)  about  8cm.  long.  It  is  important  that  the 
slioulder  between  the  stem  and  the  bnlb  should  not  be  too  abrupt.  The  bore  of  the  stem 
is  about  6mm.,  and  it  is  graduated  in  inCc.  The  wider  part  of  the  tube  has  sncli  a  capac- 
ity that  in  passing  from  the  lowest  graduation  on  the  stem  to  the  inner  end  of  tlie 
stopper  in  the  lower  mouth  one  passes  from  5  to  33cc. ;  then  the  ether-fat  solution  will 
always  come  witliiu  the  range  of  the  graduation  on  the  stem.  This  instrument  differs 
from  that  originally  given  by  Marchand  only  in  being  open  at  the  bottom  as  well 
as  at  the  top  ;  this  is  a  matter  of  some  importance  with  reference  to  cleaning  and 
drying  it.  The  narrow  stem  in  which  the  ether-fat  solutiou  collects  makes  more 
accurate  readings  possible  than  is  the  case  with  the  wider  tube  with  the  same  width 
of  bore  throughout,  such  as  is  now  commonly  used. 

The  mauipulatiou  is  carried  on  as  follows  : 

Closing  the  lower  mouth  with  a  good  cork,  lOcc.  of  the  -^ell-mixed  sample  of  milk 
are  delivered  into  the  well-dried  tube  from  a  pipette,  l4ien  8cc.  of  ether  (Squibbs's 
stronger)  and  ^cc.  of  80  i^er  cent,  alcohol.  Close  the  smaller  mouth  of  the  tube  with  a 
cork,  and  mix  the  liquids  by  thorough  shaking,  which,  however,  neexl  not  be  either 
violent  or  prolonged.  Both  corks  should  l)e  held  in  place  by  the  lingers  during  this 
operation,  and  the  upper  one  should  be  once  or  twice  carefully  removed  to  relieve 
the  pressure  within,  otherwise  it  is  liable  to  be  forced  out  suddenly  unless  carefully 
"watched,  with  consequent  danger  of  loss  of  material.  Lay  the  tube  on  its  side  for  a 
few  minutes  and  then  shake  it  again,  add  Ice.  of  ordinary  ammonia  diluted  with  about 
its  volume  of  water,  and  mix  as  before  by  shaking ;  then  add  lOcc.  of  80  per  cent. 
alcohol,  and  mix  again  thoroughly  by  moderate  shaking,  and  holding  the  tube  from 
time  to  time  in  an  inverted  position  while  the  lighter  portion  of  the  liquid  rises  to 
the  surface. 

Now  put  the  tube  iu  water  kept  at  40^"^  to  45^  C.  till  the  ether-fat  solution  separates- 
this  separation  may  be  hastened  l)y  transferring  the  tube  to  cold  water  after  it  has 
stood  iu  the  warm  water  for  a  few  minutes  and  then  returning  it  to  the  warm  water. 
Finally  transfer  the  tube  to  water  kept  at  about  20^  C,  and  as  the  level  of  the  liquid 
falls  in  the  stem  by  the  contraction  of  the  main  body  of  it  in  the  bulb,  gently  tap  the 
side  of  the  tube  below  the  ether- fat  solution,  to  dislodge  any  flakes  of  solid  matter 
that  may  adhere  to  the  walls  ;  then  as  this  solution  finally  takes  its  permanent  posi- 
tion in  the  tube,  its  volume  will  not  be  increased  by  the  presence  of  such  foreign 
matters.  The  readings  are  to  be  taken  from  the  lowest  part  of  the  surface  meniscus 
to  theliue  of  separation  between  the  ether-fat  solution  and  the  liquid  below  it. 

Ill  tills  laboratory  the  use  of  the  lactobutyrometer  has  been  attended 
with  the  same  difficulties,  though  to  a  less  extent,  which  led  to  the  modifi- 
cation of  Soxblet's  method  already  noticed.  The  late  improvements  in 
both  the  volumetric  and  gravimetric  determinations  of  fat  in  milk  ren- 
der a  further  discussion  of  the  merits  of  the  lactobutyrometer  unnec- 
essary. 

OPTICAL  METHODS  OF  ESTIMATING  FAT  IN  MILK. 

Since  the  white  color  of  milk  is  due  to  the  suspension  of  the  fat  glob- 
ules, many  devices  have  been  contrived  to  determine  the  quantity  of  fat 
present  by  the  opacity  of  the  milk.  The  most  convenient  of  these  ap- 
paratus is  the  one  designed  by  Feser. 

It  consists  of  a  glass  cylinder,  in  the  lower  part  of  which  a  smaller 
cylinder  made  of  wliite  glass  is  fixed.  On  this  white  glass  are  a  few 
black  lines.  The  outer  cylinder  carries  a  double  scale,  one  set  of  num- 
bers representing  cubic  centimeters  and  the  other  the  jx^rcentage  of  fat. 
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Four  cubic  ceiitiiiieters  of  milk  ;ire  put  in  the  c^vliudcr  and  thou  water 
added  uutil  the  bhick  lines  oil  the  inner  white  cylinder  become  visible. 
The  percentag'e  of  fat  is  then  read  from  the  toj)  of  the  column  of  water 
in  the  large  cylinder. 

For  a  full  description  of  the  different  forms  of  lactoscoi)e  the  mou- 
ogTai)h  of  vou  der  Beckc  may  be  consulted.^  For  sortuig  milks,  the 
lactoscope  in  the  hands  of  an  experienced  operator  will  give  valuable 
indications  in  respect  of  the  quantity  of  fat.  A  delicate  lactometer,  a 
good  lactoscope,  and  an  experienced  operator  will  generally  be  able  to 
determine  whether  a  given  sam^de  of  milk  be  whole  or  skimmed.  The 
lactoscope,  however,  is  of  no  value  in  determining  with  accuracy  the 
percentage  of  tat  present  in  a  sample  of  milk. 

ESTIMATION  OF  LACTOSE. 

Chemical. — The  chemical  methods  employed  in  estimating  the  sugar 
in  milk  will  be  fully  discussed  in  another  part  of  this  bulletin  devoted 
to  the  stndy  of  sugars  and  their  adulterations. 

Optical. — The  optical  method  of  determining  the  quantity  of  lactose 
in  milk  is  both  speedy  and  accurate  when  properly  carried  out.  The 
principles  which  underlie  this  investigation  and  the  proper  method  of 
carrying  it  out  are  given  below.^ 

The  usual  method  of  determining  milk  sugar  by  evaporating  the  sam- 
ple to  dryness  and  extracting  the  sugar  with  alcohol  after  exhausting 
with  ether  requires  a  great  deal  of  time  and  labor.  If  some  reliable 
optical  method  could  bo  devised  the  determination  of  the  lactose  in 
milk  would  be  the  work  of  only  a  few  minutes.  The  difficulties  which 
are  encountered  in  seeking  for  such  a  method  are  numerous  and  serious, 
so  much  so  that  little  credit  has  heretofore  been  given  to  any  of  the 
processes  of  optical  analysis  in  use. 

SPECIFIC  ROTATORY  POWER  OF  MILK  SUGAR. 

Crystallized  milk  sugar  when  first  dissolved  possesses  a  higher  rotatory 
power  than  it  has  in  the  milk  from  which  it  was  derived.  This  increased 
optical  activity  maybe  compared  with  the  original  by  the  ratio  S :  5, 
nearly.  After  the  solution  has  stood  for  twelve  to  twenty  hours,  or  im- 
mediately on  boiling  it,  this  extra  rotatory  power  is  lost.  In  estimating 
the  specific  rotatory  power  of  milk  sugar  the  numbers  given  always  refer 
to  the  constant  and  not  the  transient  gyratory  property. 

Among  the  earliest  numbers  assigned  to  the  rotation  of  lactose  are  those 
of  Poggiale  (r/.)„  =  54.2  and  Erdmann  (r^)„  =  51.5  [Sucrose  {a)„  =  GC).5]. 
Biot^  places  this  number  for  lactose  at  60.23,  and  Berthelot-*  at  59.3  for 
the  transition  tint  {a)y  Hoppe-Seyler,  in  his  "Handbuch  der  physiolo- 
gisch-chemischen  Analyse,"  gives  this  number  at  {a)^=oS.2.     Since  the 

^  Ojj.  cit,,  pp.  45  et  seq.  -Am.  Clioni.  Jonr.,  vol.  fi,  pp.  280  ct  seq. 

^  Compt.  Reml.,  vol.  42,  p.  :?49.  ^  Wiirtz  Diet.  do.  Cliini.,  vol.  2, 1st  part,  p.  188. 
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ratio  of  (a)„  to  (a)j  is  1 : 1.1306,  the  above  numbers  become  for  Biot  («)„= 
53.27,  for  Berthelot  (a),=52.47,  aud  Hoppe-Seyler  (a),=51.48.  Hesse^ 
observed  the  rotation  number  to  be  {a)^,=52.(j'i  when  the  solution  con- 
tained 12  grams  per  lOOcc.  and  the  temperature  was  15°  0.  On  the  other 
hand,  when  the  concentration  is  only  2  grams  per  lOOcc.  the  number 
assigned  is  (a)„ =53.63.  It  appears  from  this  that  the  specific  rotation 
power  of  a  solution  of  mdk  sugar  diminishes  with  the  increase  of  Its 
concentration,  and  this  view  is  adopted  by  Landolt,  Tollens,  and 
Schmidt. 

The  following  general  formula^  is  used  to  correct  the  reading  of  the 
polariscope  for  concentration  of  solution  : 

(a),  =54.54  —  .5575c  +  .05475c2  —  .001774^^, 
in  which  c  =  number  grams  sugar  in  lOOcc.  solution.  These  observa- 
tions are  contradicted  by  the  work  of  Schraoeger,'^  who,  in  an  elaborate 
series  of  experiments,  using  instruments  of  different  construction  and 
observing  all  necessary  precautions,  found  the  rotation  number  of  lac- 
tose sensibly  constant  for  all  degrees  of  concentration  up  to  the  satura- 
tion point.  In  thirty-two  series  of  investigations,  in  which  the  degree 
of  concentration  gradually  increases  from  <? =2.3554  to  c =36.07 76,  and 
in  which  a  constant  temperature  of  l:'0o  C.  was  maintained,  the  variations 
in  the  numbers  obtained  were  always  within  the  limits  of  error  of  ob- 
servation.   The  mean  of  all  these  numbers  fixes  the  value  of  (a)^  at  52.1  3. 

According  to  Schmoeger  variations  in  temperature  have  far  more  to 
do  with  changes  in  rotatory  i^ower  than  differences  of  concentration. 
The  value  of  (a)^  falls  as  the  temperature  rises.  Under  20^  0.  the  dis- 
turbing influence  of  temperature  is  greater  than  above  20°  0.  At  the 
latter  degree  (a)„  varies  inversely  about  .075  for  each  1°  C.  change  of  tem- 
l)erature.  Pellet  and  Biard,'^  as  a  result  of  their  observations,  fix  the 
rotatory  power  of  milk  sugar  at  5S.91  for  {a)j  [<^.  (a)„=52.12)]. 

After  a  careful  review  of  the  methods  used  in  the  above  resume  and 
the  numbers  determined  by  them,  I  am  inclined  to  accept  the  mean  ob- 
tained by  Schmoeger  as  the  one  entitled  to  the  greatest  credit.  It  also 
has  the  advantage  of  being  almost  the  mean  of  all  the  various  num- 
bers which  have  been  assigned  as  the  specific  rotating  power  of  lactose, 
viz : 

Poggiale 54.20 

Erdmann 51. 50 

Biot 53.27 

Berthelot 52.47 

Hoppe-Seyler 51. 48 

Hesse 52.67 

Hesse 53.63 

Sclimoeger 52. 53 

Pellet  and  Biard 52.12 

Mean 52.65 

lAnal.  Cbem.  n.  Pharm.,  vol.  176,  p.  08.  '  Bull,  de  I'Assoc.  des  Chimiates  vol.  1; 

'^Tucker,  Sugar  Aualysia,  p.  91.  p.  171  et  seq. 

^Ber.  chem.  Gessell.,  vol.12,  j).  1922  et  f^eq. 
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In  the  present  state  of  onr  knowledge,  therefore,  the  specific  rotatory 
power  of  milk  sugar  should  be  taken  at  (a)„  —  52.."^.  1  propose,  at  an 
earl}^  date,  to  make  a  careful  study  of  this  subject,  in  order  to  fix,  if 
possible,  an  exact  number  for  the  expression  of  the  rotating  power, 
and  to  examine  the  conflicting  evidence  respecting  the  influence  of  the 
degree  of  concentration  on  the  same.  The  estimation  of  lactose  in 
milk  by  the  polariscope  is  rendered  difficult  also  by  the  presence  in 
milk  of  various  albumens — all  of  which  turn  the  plane  of  polarization 
to  the  left.  As  will  be  seen  by  the  data  given  farther  along,  the  ordi- 
nary method  of  removing  these  albumens,  viz,  by  a  solution  of  basic 
lead  acetate,  is  far  from  being  perfect.  If,  therefore,  a  portion  of  the 
albumen  be  left  in  the  liquid  submitted  to  polarization,  the  rotation  to 
the  right  will  be  diminished  by  its  presence. 

Hoppe-Seyler^  assigns  as  the  rotation  power  of  ^gg  albumen  [a)^ 
=  —  35.5,  and  for  serum  albumen  {a)j)  =  —  56.  I>oth  acids  and  alka- 
lies seem  to  increase  the  rotating  power,  which  may  with  acetic  acid  reach 
(a),  =  _  71. 

Eredericq*  gives  the  rotation  number  for  blood  serum  for  the  rabbit, 
cow,  and  horse  at  (a)„=— 57.3,  and  for  the  dog  at  —44.  Paraglobulin, 
according  to  the  same  author,  has  a  rotation  number  (rf)„=— 47.8. 

Milk  albumen^  has  the  following  numbers  assigned  to  it : 

Dissolved  in  Mg.S04  sol.  (a)p=  — 80 

Dissolved  in  dil.  HCl.  (a)D=— 87 

Dissolved  in  dil.  NaOH  sol.      (a^jp— —  70 
Dissolved  iu  strong  KOH  sol.  (a,)j)=::  — 91 

The  hydrates  of  albumen'*  have  rotation  powers  which  vary  from 
(a)„=  — 71.40  to  (a)D=— 79.05.  From  the  chaotic  state  of  knowledge 
concerning  the  specific  rotating  power  of  the  various  albumens,it  is  im- 
possible to  assign  any  number  which  will  bear  the  test  of  criticism. 
For  the  purposes  of  this  report,  however,  this  number  may  be  fixed  at 
(a)„=— 70  for  the  albumens  which  remain  in  solution  in  the  liquids  po- 
larized for  milk  sugar. 

The  phenomenon  of  ''birotation"  in  milk  sugar  has  already  been 
noticed.  The  problem  of  analysis  of  this  sugar  is,  however,  still  fur- 
ther complicated  by  the  facts  pointed  out  by  Schmoeger"'  and  Erdmann,^ 
that  when  milk  is  rapidly  evaporated  in  a  plain  dish  the  sugar  is  left 
in  the  anhydrous  state,  and  that  this  sugar  in  fresh  solutions  exhibits 
the  phenomenon  of  "  half  rotation."  When  such  sugar  is  extracted 
with  alcohol  and  re-evaporated,  it,  doubtless,  is  still  anhydrous.  But 
in  the  calculation  of  results  this  sugar  is  generally  estimated  as  con- 
taining water  of  crystallization,  and  thus  an  error,  which  Schmoeger 
reckons  at  as  much  as  .2  per  cent.,  is  introduced  into  the  results.    This 

1  Wiirtz,  Diet,  de  Cbiniie,  vol.  1,  1st  part,  p.  01. 

^Compt.  Rend.,  vol.  93,  p.  465. 

^'  Hoppe-Seyler  in  Handbook  of  tbc  Polariscope,  Landolt,  p.  248. 

'*Kiiline  and  Chittenden,  Am,  Cbcni.  Jonr.  vol.  6,  p.  45. 

''Ber.  cbein.  Gesell,  vol.  12, 1915  ct  neq.;  vol.  13,  p.  212  ci  seq. 

*^Ber.  cbem.  Gesell.,  vol.  12,  p.  2180  et  seq. 
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fact,  not  well  recognized,  combined  with  the  knowledge  that  in  the  proc- 
ess of  evaporation  many  particles  of  sugar  must  be  occluded  by  the 
hardening  caseine,  tends  to  throw  doubt  upon  the  accuracy  of  estimat- 
ing the  sugar  by  the  extraction  method. 

The  work  which  I  undertook  had  for  its  object  the  determination  of 
the  best  method  of  preparing  the  milk-sugar  solution  for  the  polari- 
scope,  and  a  comparison  of  the  numbers  obtained  by  this  instrument 
with  those  given  by  the  ordinary  process  of  extraction. 

The  reagents  used  for  removing  the  albumens  were : 

(1)  Saturated  solution  basic  lead  acetate,  specific  gravity  1.97. 

(2)  Mtric  acid  solution  of  mercuric  nitrate  diluted  with  an  equal  vol- 
ume of  water. 

(3)  Acetic  acid,  specific  gravity  1.040,  containing  29  per  cent.  HOzHs 

(4)  Mtric  acid,  specific  gravity  1.197,  containing  30  per  cent.  H'N03. 

(5)  Sulphuric  acid,  specific  gravity  1.255,  containing  31  per  cent.  H2S 

(6)  Saturated  solution  sodium  chloride. 

(7)  Saturated  solution  magnesium  sulphate. 

(8)  Solution  of  mercuric  iodide  in  acetic  acid;  formula^  Kl,  33.2 
grams  Hg  OI2, 13.5  grams.  Strong  HC2H3O2, 20.0cc.  Water,  G4.0cc. 

Alcohol,  ether,  and  many  solutions  of  mineral  salts,  hydrochloric,  and 
other  acids  were  also  tried  as  precipitants  for  albumen,  but  none  of 
them  i)resented  any  advantages  which  would  make  a  detailed  account 
of  the  experiments  of  any  interest. 

Table  Ko.  9  contains  a  record  of  the  ex])eriments  which  led  to  the  adop- 
tion of  Ice.  acetate  of  lead  solution,  or  Ice.  acid  mercuric  nitrate,  as  the 
best  amount  of  each  for  50cc.  of  milk. 

Kearly  all  the  polarisations  were  made  in  a  400mm.  tube.  From  two  to 
four  observations  were  made  with  each  sample.  An  average  of  these 
readings  was  taken  for  each  determination.  In  the  calculations  the 
value  of  (a)„  was  taken  at  53  instead  of  52.5,  the  nnmber  which  subse, 
quent  investigations  have  led  me  to  believe  more  exact.  The  instru- 
ment employed  was  a  '^Laurent  Large  Model"  polariscope. 

In  all  cases  the  volume  of  the  solution  was  corrected  for  the  volume 
of  the  precipitated  caseine.  The  volume  was  assumed  to  occupy  2cc.  for 
each  50cc.  milk. 

Since  in  the  Laurent  instrument  tlie  weight  of  sucrose  in  lOOcc.  to  read 
even  degrees  on  the  scale  is  1G.19  grams  [(a)j,=60.G7],  it  follows  that 
the  weight  of  lactose  in  lOOcc.  to  read  one  degree  on  the  scale  for  each 
percent,  lactose  present  would  be  1G.19:  x=53:  GG.G7;  .i?=20.37. 

If  52.5  be  taken  as  the  value  of  (a)„  for  lactose,  then  ^  =  20.5G. 

In  table  No.  9,  A  indicates  acetic  acid,  Pb  basic  acetate  of  lead,  MR 
acid  mercuric  nitrate,  &c.  The  letters  C  and  H  indicate  the  tempera- 
ture; O  denoting  the  ordinary  temperature  of  the  room,  and  11  that  the 
sample  was  heated  to  100^  0.  and  cooled  before  filtering. 

'Jour.  <lc  Pharin.  oi,  «!<^,  Cliirn.,  vol.  10,  p.  108. 
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The  iiimibcis  ubtuiued  by  extraction  witb  alcoliul  are  taken  as  the 
ba«is  of  coiuparisoii,  not  because  1  believe  them  to  be  uiore  reliable,  but 
because  that  method  is  the  oue  generally  employed  in  the  estimation  of 
milk  sugar. 

In  the  alcohol  extractiou  the  milk  was  evaporated  to  dryness  in  a  thiu 
glass  capsule,  the  dish  aud  dried  residue  pulverized  iu  a  mortar,  washed 
with  ether  iuto  a  continuous  extraction  apparatus,  exhausted  with  ether, 
and  then  with  80  per  cent,  alcohol  for  ten  hours. 

Duplicate  analyses  are  indicated  in  the  table  by  the  small  brackets. 

Table  No.  9. — Percentage  of  milk  sugar. 


ill 

Keagents  employed 

in  precipitating  albumens. 

2 

Pb  Ice. 

Pb2cc. 

Pb3cc. 

Pb4cc. 

Pb 

5cc. 

A5cc. 

other  reagents. 

^ 

Per  cent,  lactose. 

4.57 

1 

(10--=. ) 

3.07 

4.23 

2 

4.52 

2.45 

3.57 

4.14 

3 

4.46 

4.48 

3.57 

4 

3.92 

4.19 

3.35 

5 

4.35 

3.55 

4.32 

6 

3.71 

4.01 

3.00 

7 

4.10 

C4.63 
H-96  H 

C4.44 
H-  68  H 

8 

4.16 

:  4.  29 
H.33 

(3.80 
)  3.  67  H 

9 

4.48 

:4.59 

H-5e  H 

54.04 

H- 12  n 

H2SO4 

10 

4.10 
4.80 

4.12  H 
4.87  H 

(4«  ) 

3.47  H 
4.44H 

11 

4CC. 

5«. 

C-. 

8^-:. 

12 

4.77 

5.02  H 

4.82H 

4.50H 

4.31H 

4.70  H 

4.76  H 
3.89 

4.70H 

4.78n 

13 

4.25 

4.25 

8.75 

3.38 

3.38 

3.97 

HKO3 

14 

4.22 

4.  90  H 

4.58H 

ir> 

3.14 

C4!40 
H-  32  H 

. 

4.68  H 

4.66  n 

4.50H 

16 

3.30 

4.43  H 

3.98 

17. 

4.72 

4.45 

4.18 

3.87 

3.65 

3.20 

3.96 

53.98 
id.  88  H 

3.88 

18 

4.88 

C4.87 
)  4.  87  H 

C4-37 
H.25 

(5-^  ) 

4.27 

4.  43  H2SO4 

19 

4.31 

C4.71 
H.  86  H 

C4.43 
H.  43  H 

(4.51 

i  4. 79  n 

H.59 

14. 59  n 

20 

4.39 

4.11 

21 

4.70 

4.17 

22 

4.90 

C4.93 

C4.45 
H-  43  H 

U.09 
14.  07  H 

23 

4.00 

C4.41 
li.45 

C3.86 
^3.86 

(3.90 
^3.90 

(3.94 

H.io 

24 

4.74 

(4.41 
14.45  11 

C4.21 
>  4.  35  U 

^.32 
^4-44  H 

54.32 
ii.  55  H 

25 

4.59 

54.33 

SNaCl 

1«.MR 

(3.94 
i  3.  93  H 

(4.03 
n.  10  H 

(3.98 
^4. 10  H 

20 

4.39 

K  29 11 

4.29n 

27 

4.00 

4.18  H 

4.06 

28 

4.20 

3.67  H 

4.09 

Remarlcs  on  Table  No.  9. — The  results  obtained  by  using  various  other 
reagents  for  the  precipitation  of  the  caseine,  viz,  MgS04,  CUSO4,  HCl, 
&c.,  have  not  been  entered  in  the  table.  In  none  of  these  cases  was 
there  sufficient  encouragement  to  warrant  an  extended  trial.  In  most 
cases  the  precipitation  was  slow  or  imperfect,  and  the  filtration  difficult. 

One  important  fact  should  not  be  overlooked,  viz,  that  any  excess  of 
basic  plumbic  acetate  causes  a  rapid  decrease  in  the  rotatory  power  of 
the  solution  j  whether  this  decrease  is  due  to  precipitation  of  the  sugar 
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or  solution  of  the  albumeus  does  uot  clearly  appear.  Illiistratious  of 
tills  decrease  are  seen  iu  analyses  2,  12,  13,  and  17. 

It  seems  to  make  little  difference  whether  the  precipatition  is  made 
hot  or  cold.  The  question  of  temperature  is  set  forth  in  greater  detail 
iu  the  next  table.  From  all  the  experiments  made  it  clearly  ai)peared 
that  the  best  optical  results  are  obtained  by  the  use  of  a  minimum  quan- 
tity of  basic  lead  acetate,  or  of  either  the  acid  mercuric  nitrate  or  iodide. 
For  oOcc.  to  60cc.  of  milk,  Ice.  of  the  lead  acetate  or  mercuric  nitrate  solu- 
tion of  the  strength  noted,  and  25cc.  of  the  mercuric  iodide  solution  are 
the  proper  quantities.  It  makes  no  difference,  however,  if  a  large  excess 
of  the  two  latter  reagents  is  employed.  Of  the  three  the  last  is  to  be 
preferred. 

In  Table  No.  10  will  be  found  the  results  of  the  comparative  determina- 
tions of  milk  sugar  by  extraction  with  alcohol,  by  precipitation  with  Ice. 
basic  lead  acetate,  and  the  same  with  Ice.  acid  mercuric  nitrate,  hot  and 
cold,  to  each  COcc.  of  milk. 

In  many  of  the  analyses  the  large  differences  iu  results  by  the  three 
methods  show  a  fault  of  manipulation,  but  aU  the  results  have  been 
given  without  selection. 

Table  No.  10. — F&rcentage  of  milk  sugar. 


No. 


Keagents  famploj-ed. 


Extract- 
ed by  al- 
chohol. 


Per  ct. 


4.55 
4.10 
4.51 
4.36 
4.05 
3.84 
4.52 
4.25 
4.45 
4.92 
3.84 
4.53 
4.  .57 
4.  06 
4.17 
5.02 
4.68 
4.23 
4.96 
4.85 
4.63 
4.47 
4.46 
4.47 
4.40 
4.85 
4.45 
4.44 
4.10 
4.38 
4.20 
4.69 
4.52 


C. 
Pb  Ice. 


Per  ct. 


H. 

Pb  Ice. 


4.54 
4.55 
4.14 

Ve?" 

4.21 
4.61 
5.20 


4.23 
4.59 
4.41 
4.67 
4.21 
3.98 
4.21 
5.57 
4.21 
4.59 
4.27 


Per  ct. 

4.74 
4.22 
4.22 
4.53 
4.09 
3.84 
4.73 

4.  20 
4.54 

5.  22 
3.72 
4.64 
4.55 
4.45 
3.75 
4.64 
3.94 


3 

4 

4 

4 

4 

4 

4 

4.  55 

4.73 

4.33 

4.10 

'4.' 66' 

4.37 
4.67 
4.41 


C. 
MElcc. 


Per  ct. 


4.68 
4.89 
4.48 
3.98 
5.01 


4  87 
5.43 
4.00 
4.87 
4.  91 


H. 
ME,  Ice. 


3.95 
4.86 
4.39 
4.08 
5.04 
4.53 
4.09 
4.07 
4.05 
5.01 
4.45 
4.97 
4.57 
4.28 
4.55 
4.89 
4.57 
4.89 
4.41 


Per  ct. 
4.92 
4.50 
4.C2 
4.90 
4.39 
3.98 
5.00 
4.51 
4.87 
5.47 
3.96 
4.85 
4.84 
4.63 
3.87 
4.  80 
4.37 
4.02 
5.04 
4.65 
4.67 
4.71 
4.63 
4.95 


No 


Eeagents  employed. 


Extract- 
ed by  al- 
chohol. 


Per  ct. 
4.37 
4.52 
4.88 
4.61 
4.79 
4.67 
4.79 
3.95 
4.00 
4.63 
4.77 
4.85 
4.71 
4.34 
4.05 
3.67 
3.78 
4.19 
3.83 

3.  80 
4.59 
4.02 

4.  36 
4.20 
4.09 
4.09 
4.12 
4.20 
4.45 
4.33 
4.62 


4.33 


C. 
Pb  Ice. 


Per  ct. 
4.65 
4.27 
4.83 
4.30 
4.59 
4.26 
4.64 
4.10 
4.61 
4.24 
4.64 


4.06 
4.67 
4.12 
4.58 
4.27 
4.08 
3.97 


H. 

Pb  Ice. 


Per  ct. 
4.93 
4.41 
4.93 
4.43 
4.67 
4.41 
4.74 
4.26 
4.61 
4.37 
4.70 
4.53 
4.67 


]2 


.  n 

.18 

.62 

.57 

.78 

.07 

.61 

.36 

4.76 

4.28 

4.50 

4.28 

4.49 

4.33 

4.25 

4.09 

4.33 


C. 
ME  lee, 


4.34 


Per  ct. 
4.93 
4.56 
5.17 
4.57 
4.91 
4.51 
4.94 
4.38 
4.77 
4.57 
4.94 
4.73 
4.93 
4.40 
4.83 
4.36 
4.82 
4.53 
4.97 
4.21 
4.*3 
4.40 
4.94 
4.48 
4.74 
4.46 
4.81 
4.41 
4.77 
4.37 
4.99 


4.58 


K. 

MElcc. 


Per  ct. 


4.63 


In  the  following  table  will  be  found  the  percentage  of  milk  sugar  ob- 
tained by  using  varying  quantities  of  the  mercuric  iodide  reagent,  and 
a  comparison  of  the  results  obtained  with  those  given  by  the  use  of  acid 
mercuric  nitrate  and  basic  plumbic  acetate : 
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Table  No.  U. — rcrccutayv  of  milk  siKjar. 


1 

lleagcuts- 

employed. 

Pb. 

MR. 

Mercuric  iodide. 

20cc. 

25cc. 

30cc. 

35cc. 

1 

2 
3 
4 
5 
6 
7 
8 
9 

Per  ct. 
4.28 
4.46 
4.37 
4.37 
4.38 
4.33 
4.30 
4.33 
4.27 

Per  ct. 

4.48 
4.57 
4.65 
4.53 
4.63 
4.67 
4.67 
4.59 
4.  GO 

Per  ct. 
4.56 
4.62 
4.  63 
4.60 

4.  r.o 

4.43 
4.  67 
4.50 
4.G3 

Per  ct. 
4.56 
4  66 
4.63 
4.53 
4.53 
4.53 
4.67 
4.53 
4.60 

Per  ct. 

Per  ct. 

4.60 
4.63 
4.53 
4.60 
4.59 
4.50 
4.66 

4.65 
4.60 
4.59 
4.66 
4.57 
4.59 
4.66 

Av. 

^4.S4 

4.60 

4.57 

4.58 

4.61 

4.62 

ALBUMEN     KEMAINING    IN    FILTKATE     FEOM     LEAD    ACETATE   AND    MERCQIUC    IODIDE 

SOLUTIONS. 

From  the  fact  that  the  polariscoi)ic  readiugs  show  that  solutions  of 
milk  prepared  with  lead  acetate  have  a  lower  rotatiug  power  than  those 
l^repared  with  mercury  salts,  it  is  to  be  interred  that  the  lead  reagent 
either  leaves  certain  soluble  and  transparent  kinds  of  albumen  in  solu- 
tion, or  else  dissolves  a  i^ortion  of  those  which  are  at  hrst  precipitated. 
To  test  the  accuracy  of  this  sui^ijositiou  a  few  analyses  were  made  to 
determine  the  amount  of  albumen  left  in  the  filtrate  from  the  lead  and 
mercury  reagents.  At  the  same  time  different  quantities  of  the  mer- 
curic iodide  solution  were  used,  in  order  to  determine  the  amount  which 
would  give  the  best  results.  For  GOcc.  milk  the  quantity  of  mercuric 
iodide  to  be  used  should  be  25cc.  to  oOcc. 

In  the  following  table  will  be  found  the  percentages  of  albumen  in 
the  whey  after  precipitating  with  the  reagents  noted  and  filtering. 
Ten  cubic  centimeters  of  the  filtrate  were  evaporated  to  dryness  in  a 
thin  glass  dish,  and  the  dried  residue  (with  the  glass)  burned  with  soda 
lime.  The  calculated  nitrogen  was  then  multii^lied  by  G.25  and  the  pro- 
duct taken  as  the  percentage  of  albumen  : 

Table  No.  12. — Fer  cent,  albumen  infiltrate. 


From  Pb. 

From  Hgl2. 
15cc. 

From  IIgl2. 

20cc. 

From  Hsls.  From  Hgla. 

25cc.       30cc. 

1 

I^om  Hgla. 
35cc. 

.  08G5 
.1130 
.1130 
.0865 
.1130 
.1130 
.1130 
.1950 
.1130 
.  1412 
.1130 

.  1950 
.0674 
.0674 
.  0674 
.0674 
.0090 

.0865 
.  08G5 
.  0562 
.  0562 
.0562 
.  0865 
.1412 
.1412 
.  1412 
.1130 
.1362 
.1250 
.0090 
.0090 

.  0865 
.  0865 
.1130 
.1130 
.0312 
.0300 
.1130 
.1130 
.0865 
.  1412 
.0090 

.0562 
.0865 
.  0562 
.0502 
.0865 
.0805 
.  1412 
.1412 
.  1412 
.1130 

.0865 
.0805 
.0312 
.  0562 
.  0562 
.1412 
.  0562 
.1412 
.0865 
.0865 

Av..  .1182 

.0789 

.0888 

.0839 

.  0964 

.  0828 
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In  Table  No.  13  will  be  found  perceiitai^es  of  albumen  remaining-  in  fil- 
trate from  lead  acetate  precipitation  of  forty-two  samples  taken  from 
those  represented  in  Table  No.  10.  From  tliese  two  tables  it  is  at  once 
seen  that  the  quantity  of  la3vo-rotatory  matter  remaining  in  milk  after 
treatment  with  basic  lead  acetate  is  much  greater  than  in  those  samples 
treated  Avith  the  two  mercuric  salts.  This  explains  at  once  the  higher 
I)er  cent,  of  milk  sugar  obtained  by  using  the  last-named  reagents,  and 
shows  that  the  use  of  lead  acetate  as  a  clarifying  agent  must  be  aban- 
doned : 

Table  No.  13 — Per  cent,  albumen  after  precipitation  by  lead  acetate. 


No. 

Percent. 

:so. 

Percent. 

1 
No. 

Per  cent. 

1 

2 
3 
4 
5 

i 

9 
10 
11 
12 
13 
14 
15 

.250 
.306 
.135 
.272 
.134 
.239 
.301 
.305 
.237 
.339 
.271 
.305 
.267 
.237 
.271 

16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

.237 
.237 
.169 
.103 
.271 
.237 
.271 
.235 
.271 
.237 
.237 
.271 
.339 
.350 
.374 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

.329 
.305 
.305 
.237 
.305 
.339 
.  237 
.374 
.203 
.373 
.505 
.339 

Av.. 

.278 

COMPAKISON   OF   KESULTS   OBTAINED   BY  EXTRACTION   WITU   ALCOHOL  AND   ruLAIUZA- 

TION. 

By  consulting  Table  No.  10,  it  will  be  seen  that  the  percentage  of  sugar 
obtained  hj  extraction  with  alcohol  is  practically  the  same  as  that  got 
by  polarization  of  the  lead  acetate  filtrate. 

Thus,  the  mean  percentage  of  sugar  by  alcohol  (G5  analyses)  is  4.32  j 
by  lead  acetate,  cold  (53  analyses)  is  4.345  ^J  '^Qnd  acetate,  hot  (G4  anal- 
yses) is  4.38 ',  by  mercuric  nitrate,  cold  (61  analyses)  is  4.58 ;  by  mer- 
curic nitrate,  hot  (24  analyses)  is  4.63. 

If  now  the  milk  sugar,  as  has  already  been  intimated,  exists  in  an 
anhydrous  state  after  extraction  with  alcohol,  the  percentage  of  it  after 
the  addition  of  the  molecule  of  water  would  be  increased.  Thus  molec. 
ular  weight  of  anhydrous  milk  sugar,  342:  molecular  weight  of  the 
hydrous  380=4.38:  x^  whence  the  value  of  ^=4.61.  This  agrees  very 
nearly  with  the  number  obtained  by  acid  mercuric  nitrate. 

By  a  study  of  Table  No.  13  it  is  found  tbat  the  mercuric  iodide  gives 
nearly  the  same  rotatory  power  as  mercuric  nitrate,  and  also  by  com- 
bustion the  filtrates  from  the  milks  clarified  b^^  lead  acetate  contain 
more  albumen  than  those  prepared  with  mercuric  iodide.  There  is, 
therefore,  every  reason  for  believing  that  the  numbers  given  by  the 
mercury  salts  are  nearer  the  truth  than  those  from  the  lead. 

It  may  be  urged  that  the  increased  rotatory  pow  er  observed  by  the 
mercury  salts  is  due  to  the  conversion  by  the  dilute  acids  of  a  part  of 
the  lactose  into  galactose,  which  has  a  rotatory  power  greater  than  that 
of  milk  sugar.  But  when  it  is  remembered  that  the  quantity  of  acid 
introduced  is  extremely  minute,  thg-l;;  tl^e  s^-mplcs  need  not  be  w  armed^ 
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that  tbey  can  be  filtered  and  x)olai'ized  within  a  few  minutes  of  the  time 
of  the  introduction  of  the  reagents,  the  suggestion  is  seen  to  be  of  no 
force. 

For  example,  in  the  acid -mercuric  nitrate  it  was  found  that  the  per- 
centage of  sugar  was  the  same  whether  one,  five,  or  ten  cubic  centime- 
ters of  the  reagent  were  employed,  and  whether  it  was  polarized  iuime- 
diately  or  after  heating  and  cooling.  It  is  evident  that  Ice.  of  the  re- 
agent, containing  less  than  a  half  cubic  centimeter  of  nitric  acid  and 
diluted  in  lOOcc.  of  liquid,  could  not  exert  any  notable  effect  on  the 
rotatory  power  of  the  solution. 

In  the  mercuric  iodide  solution  20cc.  of  acetic  acid  are  used  for  every 
GGO(;c.  of  the  reagent. 

Thirty  cubic  centimeters  of  this  reagent  contain,  therefore,  about  Ice. 
of  acid.  This  in  lOOcc.  of  liquid,  immediately  filtered  and  polarized, 
could  not  affect  in  any  marked  degree  the  rotatory  power. 

Since  combustion  witli  soda-lime  shows  that  the  filtrate  from  the  mer- 
curic iodide  sample  is  practically  free  from  albumen,  it  is  evident  that 
the  numbers  obtained  in  this  way  must  be  a  near  a[)proximation  to  the 
truth. 

THE   PKOCESS    OF    ANALYSIS. 

The  reagents,  ai)paratus,  and  manipulation  necessary  to  give  the  most 
reliable  results  in  milk  sugar  estimation  are  as  follows : 

RecKjents. — (1)  Basic  plumMc  acetate^  ii,\)QQ,\^(^  grAY\{\  1.97.     Boil  a  sat- 
urated solution  of  sugar  of  lead  with  an  excess  of  litharge,  and  make  it 
of  the  strength  indicated  above.     One  cubic  centimeter  of  this  will  pre 
cipitate  the  albumens  in  50cc.  to  OOcc.  of  milk. 

(2)  Acid  mercuric  nitrate^  dissolve  mercury  in  double  its  weight  of 
nitric  acid,  specific  gravity  1.42.  Add  to  the  solution  an  equal  volume 
of  w^ater.  One  cubic  centimeter  of  this  reagent  is  sufiicient  for  the 
quantity  of  milk  mentioned  above.  Larger  quantities  can  be  used 
without  affecting  the  results  of  polarization. 

(3)  Mercuric  iodide  with  acetic  acid  (composition  already  given). 
Apparatus. — (1)  Pipettes  marked  at   59.5cc.,  GOcc,  and   G0.5cc.     (2) 

Sugar  flasks  marked  at  102.4cc.  (3)  Filters,  observ^ation  tubes,  and 
polariscope.  (4)  Specific  gravity  spindle  and  cylinder.  (5)  Thermom- 
eters. 

MANIPULATION. 

(1)  The  room  and  milk  should  be  kept  at  a  cons^tant  temperature. 
It  is  not  important  that  the  temperature  should  be  any  given  degree. 
The  work  can  be  carried  on  equally  well  at  15°  C,  20^  C,  or  25°  0.  The 
slight  variations  in  rotatory  power  within  the  above  limits  will  not  affect 
the  result  for  analytical  purposes.  The  temperature  selected  should  be 
the  one  which  is  most  easily  kept  constant. 

(2)  The  specific  gravity  of  milk  is  determined.  For  general  work 
this  is  done  by  a  delicate  specific  gravity  spindle.  Where  greater  ac- 
curacy is  required  use  specific  gravity  flask. 
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(3)  If  the  specific  gravity  be  1.026  or  uearly  so,  measure  out  OO.Scc.  into 
the  sugar  tiask.  Add  Ice.  of  mercuric  nitrate  solution  or  30cc.  mercuric 
iodide  solution  and  fill  to  102.4cc.  mark.  The  precipitated  albumen  occu- 
pies a  volume  of  about  2.4cc.  Hence  the  milk  solution  is  really  lOOcc. 
If  the  specific  gravity  is  1.030  use  60cc.  of  milk.  If  specific  gravity  is 
1.034  use  59.5CC.  of  milk. 

(4)  Fill  up  to  mark  iu  lu2.4cc.  flask,  shake  well,  filter,  aud  polarire. 

NOTES. 

In  the  above  method  of  analysis  the  specific  rotatory  x^ower  of  milk 
sugar  is  taken  at  52.5,  and  the  weight  of  it  iu  lOOcc.  solution  to  read  100 
degrees  iu  the  caue  sugar  scale  at  20.56  grams.  This  is  for  iustruments 
requiriug  16.19  grams  sucrose  to  produce  a  rotatiou  of  100  sugar  de- 
grees. It  will  be  easy  to  calculate  the  number  tor  milk  sugar  whatever 
instrument  is  employed. 

Since  the  quality  of  milk  taken  is  three  times  20.56  grams,  the  polar- 
iscopic  readings  divided  by  3  giv^e  at  ouce  the  percentage  of  milk  sugar 
when  a  200mm.  tube  is  used. 

If  a  400mm.  tube  is  employed,  divide  reading  by  65  if  a  500mm 
tube  is  used,  divide  by  7.5. 

Since  it  requires  but  little  niore  time,  it  is  advisable  to  make  the 
analysis  in  duplicate,  and  take  four  readings  for  each  tube.  By  follov^^- 
ing  this  method  gross  errors  of  observation  are  detected  and  avoided. 

By  using  a  flask  graduated  at  102.4  for  60cc.  no  correction  for  volume 
of  precipitated  caseiue  need  be  made.  Iu  no  case  is  it  necessary  to 
heat  the  sample  before  polariziug. 

ESTIMATION  OF  THE  ALBUMINOIDS. 

The  albuminoids  in  milk  are  most  easily  estimated  by  combustion 
with  soda-lime  or  by  previous  conversion  into  ammonic  sulphate  and 
subsequent  distillation  from  an  alkaline  liquid. 

(1)  ComhuHtion  icitli  so<:Z(5^-/me— From  4  to  5  grams  of  milk  measured 
from  a  weighing  flask  are  evaporated  to  dryness  in  a  schaichen  either 
alone  or  wiih  sand,  gypsum,  i)umice-stone  or  asbestos.  When  dry  the 
whole  is  rubbed  up  in  a  mortar,  transferred  to  a  combustion  tube,  and 
burned  in  the  usual  way.  The  nitrogen  calculated  from  the  ammonia 
formed  multiplied  by  6.25  gives  the  total  albuminoids. 

(2)  The  estimation  of  the  albuminoids  by  Kjeldahl's  method  is  so 
well  understood  that  it  will  not  be  necessary  to  describe  it  here. 

Following  are  the  results  of  the  analyses  of  milks  made  in  this  labo- 
ratory. 

In  table  No.  14  are  the  results  of  the  daily  analyses  of  milk  from 
the  Maj^thorpe  Dairy. 

In  table  No.  15  are  the  numbers  obtained  with  milks  from  various 
sources. 

In  these  analyses  the  fat  was  estimated  by  the  modified  Soxhlet 
method,  the  sugar  by  the  optical  method,  and  the  albuminoids  by  com- 
bustion with  soda-lime. 
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TAB1.K  No.  14. — Analyses  of  milk  from  Maijthorpo  Dairy. 
[All  these  samiiles  were  boui^ht  from  D.  M.  Nesbit,  College  Station,  Md.] 


Number. 


1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
20 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44, 
45 
46 
47 
48, 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 


Specific 

Fat 

gravity 

Water. 

areorue- 

at  15°  C. 

tric. 

Per  ct. 

Per  ct. 

1.0348 

87.31 

1.  0340 

86.96 

1.  0333 

87.62 

3.64 

1.  0339 

4.12 

1.  0326 

87.69 

4.00 

1.0316 

87.08 

3.92 

1. 0337 

87.  27 

1.0362 

87.98 

3.21 

1.  0341 

86.97 

3.66 

1.  0333 

87.62 

3.98 

1.0315 

87.89 

3.51 

1.  0337 

87.54 

4.25 

1.  0334 

86.  09 

4.62 

1.  0368 

85.44 

1.  0328 

80.73 

1.0558 

84.58 

4.73 

1.  0335 

87.84 

4.98 

1.  0325 

87.33 

1.  0323 

86.60 

1.  0353 

80.24 

1.  0328 

88.56 

4.06 

1.  0368 

84.03 

1.  0328 

84.64 

5.22 

1.  0325 

88.10 

4.24 

1.  0320 

86.17 

1.  0349 

85.46 

4.74 

1.  0323 

80.59 

1.  0369 

84.93 

1.  0330 

85.73 

4.92 

1.  0344 

86.60 

1.  0339 

86.85 

1.  0363 

85.67 

1.  0324 

86.55 

1.  0369 

83.  7.^ 

1.  0339 

85.66 

1.  0346 

5.08 

1.  0350 

85.67 

4.87 

1.  0340 

4.75 

1.0340 

87.15 

4.47 

1.  0355 

88.98 

4.78 

1.  0325 

87.71 

4.00 

1.  0333 

87.04 

4.11 

1.  0338 

85.49 

5.25 

1.  0318 

86.92 

4.26 

1.  0343 

86.10 

4.60 

1.  0343 

87.18 

3.75 

1.  0328 

87.44 

3.57 

1.  0334 

86.79 

4.03 

1-0342 

85.85 

4.81 

1.  0327 

87.87 

4.18 

1-0338 

86.56 

4.02 

1.0319 

86.10 

4.96 

1.  0319 

87.63 

3.38 

1.  0318 

87.50 

3.51 

1.  0343 

85.37 

4.72 

1.  0323 

80.85 

3.75 

1.0338 

86.14 

4.08 

1.  0382 

86.23 

4.50 

1.0317 

87.82 

3.16 

1.  0325 

86.51 

4.21 

1.0354 

84.64 

1.  0339 

86.89 

4.00 

1.  0340 

86.98 

3.94 

1.  0340 

87.74 

3.72 

1.  0305 

87.96 

3.13 

1.  0331 

87.57 

3.88 

1. 0305 

89.20 

3.57 

1.  0328 

89.01 

3.26 

1.  0314 

86.32 

3.02 

1.  0320 

87.22 

4.65 

1.  0320 

86.89 

4.53 

1.0334 

86.55 

4.11 

1.0317 

88.35 

3.55 

1.  0345 

87.12 

3.59 

1. 0310 

88.01 

3.66 

1.  0340 

87.  62 

3.67 

Albu- 
mi- 
noids. 


Sugar. 


Per  ct. 
2.51 
2.81 
2.61 
2.84 
2.72 
2.63 
2.80 
2.77 
2.75 
2.78 
2.80 
2.80 
2.98 
3.92 
3.04 
4.05 
3.15 
2.63 
2.03 
4.13 
2.98 
4.51 
2.84 
2.73 
2.70 
3.04 
2.87 
3.61 
2.98 
2.59 
3.18 
3.92 
2.80 
4.73 
3  29 
3.11 
2.94 
3.22 
2.76 
2.76 
2.69 
3.04 
2.84 
2.87 
2.69 
2.59 
2.66 
2.80 
3.15 
2.80 
2.87 
2.63 
2.76 
2.66 
3.15 
2.87 
2.87 
2.66 
2.56 
2.66 
3.43 
2.84 
2.80 
2.59 
2.56 
2.63 
2.76 
2.87 
2.73 
2.39 
2.98 
2.87 
2.73 
2.91 
2.69 
2.45 


Per  ct. 
4.60 
5.00 
4.80 
4.85 
5.05 
5.14 
5.19 
5.10 
5.19 
5.27 
4.99 
4.99 
5.02 
4.65 
5.00 
4.67 
4.92 
5.04 
4.95 
4.70 
4.75 
4.  55 
4.90 
5.04 
4.  99 
4.95 
4.82 
4.38 
5.14 
5. 
5. 
4. 
4. 
3. 
5. 
5. 
5. 


5.02 
5.30 
5.57 
5.02 
4.75 
4.90 
4.80 
4.89 
5.03 
5.01 
4.80 
4.97 
4.80 
5.19 
5.20 
4.95 
4.49 
4.85 
4.77 
5.07 
5.15 
4.85 
4.85 
5.15 
5.02 
5.23 
5.27 
4.87 


Ash. 


Per  ct. 
.73 
.74 
.73 

.72 
.72 
.72 
.72 
.74 
.72 
.71 
.66 
.73 
.77 
.85 
.72 
.94 
.73 
.71 
.71 

1.21 
.55 

1.15 
.61 
.72 
.74 


.81 
.58 
.68 
.62 
.85 
.70 
.84 
.68 
.64 
.74 
.68 
.70 
.63 
.56 
.64 
.80 
.70 
.70 
.66 
.72 
.65 
.75 
.72 
.61 
,63 
.70 
.81 
.80 
.71 
.73 
.77 
.68 
.69 
.84 
.78 


.66 
.73 
.73 

.72 
.69 
.69 
.76 
.55 
.55 
.64 
.56 
.70 


Total 

solids. 


Per  ct. 
12.  69 
13.04 
12.38 


12.92 
12.73 
12.02 
13.03 
12.38 
12.11 
12.46 
13.91 
14.56 
13.27 
15.42 
12.16 
12.  67 
13.40 
13.76 
11.44 
15.97 
15.36 
11.90 
13.83 
14.54 
13.41 
15.07 
14.27 
13.40 
13.15 
14.33 
13.45 
16.25 
14.34 


14.33 


12.85 
11.02 
12.29 
12.96 
14.51 
13.08 
14.90 
12.82 
12.56 
13.21 
14.15 
12.13 
13.44 
13.90 
12.37 
12.50 
14.63 
13.15 
13.86 
13.77 
12.18 
13.49 
15.36 
13.11 
13.02 
12.26 
12.04 
12.43 
10.80 
10.99 
13.68 
12.78 
13.11 
13.  45 
11.65 
12.88 
11.99 
12.38 
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Table  No.  14.— Analyses  of  milk  from  Jlaythorjie  Dairy— Continued. 


Number. 


Specific 
gravity 
at  15°  C. 


89 

90 

91 

92. 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

Ill 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 , 

122 

123!."."!!^ 

124 , 

125 

126 

127 

128 

129 

130 

131 

132 

133 

134 

135 

137 

138 , 

139 

140 

141 , 

142 

143 , 

144 , 

145 , 

146 

147 , 

148 , 

149 

150....'-.., 

151 , 

152 

153 

154 

155 


1.  0336 
1.  0320 
1,  (11^20 
1.  0328 
1.0318 
1.  0334 
1.  0325 
1.  0330 
1.  0311 
1.  0332 
1.  0321 
1.  0322 
1.  0333 
1.  0312 
1.  0328 
1.U341 
1.  0322 
].0322 
1.0312 
1.  0322 
1.  0332 
1.  0332 
1.  0313 
1.  0328 
1.  0325 
1.0345 
1. 0345 
1.  0355 
1.0330 
1.0345 
1.  0335 
1.0317 
1.  0325 
1.  0320 
1.  0320 
1.  0315 
1.  0315 
1.  0367 
1.  0356 
1.0354 
1.  0j36 
1. 0340 
1.  0326 
1.  0338 
1.  0352 
1.  0342 
1.  0352 
1.  0338 
1.  0348 
1.  0343 
1.  0352 
1.  0357 
1.  0336 
1- 0336 
1.  0341 
1.  0351 
1-  0354 
1.  0353 
1.  0340 
1.  0338 
1.  0345 
1.  0315 
1.  0320 
1.  0330 
1.  0340 
1.  0330 
1.  0341 
1.  0320 
1.  0333 
1.  0335 
1.  0350 
1.  0332 
1.0344 
1.  0333 
1.  0333 
1.  0342 
1.  0338 
1.  0345 


Water. 


Per  ct. 
86.  16 
86.80 
84.73 
86.34 
88.71 
86.94 

86.  01 
80.  41 
87.73 

87.  09 
86.54 
86.73 
85.75 
88.66 
87.87 

86.  94 
87.63 
86.59 

88.  30 
87.42 
87.65 
87.22 
88.93 
87.29 
88.31 
87.40 
87.78 
88.38 
88.24 
88.60 
88.58 
88.86 
87.89 
88.47 
88.  97 

87.  85 
87.29 
86.10 
86.01 
87.59 
86.37 
86.17 
86.09 
85.88 
86.  91 
87.17 
85.  99 
86.64 
87.55 

85.  41 
86.47 
87.81 
87.60 

86.  32 
85.88 
86.57 
85.  81 
87.33 
86.34 
85.48 
86.60 
85.60 
86.85 
87.18 
86.18 
87.54 
86.98 
87.66 
86.65 
86.24 
88.02 
89.38 
66.72 
85.  34 
86.41 
87.35 
86.66 
87.68 


Fat 

arcome 

trie. 


Per  ct. 
4.75 
4.36 
4.25 
3.50 
3.71 
3.97 
4.58 
4.23 
3.61 
3.79 
4.11 
4.41 
3.85 
4.  04 
3.61 
4.06 
3.75 
3.78 
2.73 
4.30 
3.68 
4.35 
4.79 
4.07 
3.05 
3.65 
3.60 
3.97 
3.14 
3.73 


4.74 

4.28 

3.13 

4.41 

4.45 

5.12 

5.09 

4.16 

3.80 

4.57 

4.47 

3.78 

4.91 

3.99 

3.15 

4.74 

4.50 

5.02 

4.65 

4.51 

3.66 

4.68 

6.05 

3.74 

5.63 

4.09 

3.49 

4.30 

3.51 

3.82 

6.03 

3.33 

3. 

2. 

3.21 

3.54 

5.35 

4.18 

3.50 

3.83 

2.  91 


3.57 
2.65 


Albu- 

mi-       Sugar, 
noids. 


Per  ct.  ; 
2.84 
2.45 
2.50 
2.91 
2.59 
2.31 
2.91 
2.63 
2.73 
2.69 
2.63 
2.24 
3.01 
2.34 
2.48 
2.38 
2.56 
2.28 
2.45 
2.45 
2.41 
2.66 
2.59 
2.38 
2.45 
2.41 
2.38 
2.63 
2.63 
2.45 
2.63 
2.24 
2.45 
2.34 
2.52 
2.34 
2.45 
2.84 
3.08 
2.63 
2.52  i 
2.73  ! 
2.80  I 
2.09  ! 
2.94  i 
2.69  ! 
2.80  i 
2.31  I 
2.76 
3.01 
2.91 


Per  ct. 
5.13 
5.15 
4.90 
4.89 
4.80 
5.49 
5.13 
5.22 
4.60 
4.99 
490 
5.30 
5.25 
5.23 
5.25 
5.49 
5.02 
5.29 
4.93 
5.25 
5.27 
5.37 
4.95 
5.37 
5.50 
5.45 
5.33 
5.75 
5.22 
5.67 
5.30 
5.05 
5.07 
5.23 
5.27 
5,07 
4.93 
5.49 
5.35 
5.52 
5.23 
5.25 
5.29 
5.43 
5.30 
5.33 
5.42 
5.24  i 
5.50 
5.47 
5.32 
li.  YO  ■  5.62 
2.91  I  5.20 
2.66  I  5.27 
2.  69  I  5.  49 
2.69  '  5.55 
2.98  5.58 
2.45  5.67 
2.  63  ,  .  5.  39 
2.80         5.39 

2.87  ' 

2.48  ; 

2.63  ' 

2.94    

2.98  ' , 

3.04  i , 

2.45  I 

2.34 

2.87    

2.91 

3.08 

2.87' , 

3.15    

2.45 

2.80 : 

3.04  ' 

2.06    

2.  76  • 


Per  ct. 
.79 
.62 
.54 
.66 
.54 
.57 
.74 
.76 
.70 
.64 
.64 
.66 
.71 


Total 
solids. 


Per  ct. 
13.84 
13.20 
14.27 
13.06 
11.29 
13.06 
13.99 
13.59 
12.27 
12.91 
13.46 

13.  27 

14.  25 
11.34 

12. 13 
13.06 
12.37 
13.41 
11.70 
12.  58 
12.35 
12.78 
12.07 
12.71 
11.  69 
12.00 

.  12.  22 
11.62 
11.76 
11.40 

11.  42 

11. 14 
12.11 
11.43 

12.  03 
13.15 
12.71 
13.90 

13.  39 
12.41 
13.03 
13.83 
13.91 
14.12 
13.09 
12.83 
14.01 
13.36 
12.45 
14.59 
13.43 
12.19 
12.34 
13.68 
14.12 
13.43 
14.19 
12.67 
13.66 
14.52 
13.40 
14.40 
13.15 
12.82 
13.82 
12.46 
13.02 
12.34 
13.35 
13.76 
11.98 


13.28 
14.66 
13.59 
12.65 
13.34 
12.32 
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Table  No.  14. — Analyses  of  milk  from  Maytliorpe  Dairy — Continued. 


Xumber. 

Specific 
gravity 
at]  50  c. 

Water. 

Fat 

areome- 

tric. 

Albu- 
mi- 
noids. 

Sugar. 

Ash. 

Total 
solids. 

156 

1.  0353 
1. 0320 
1.  0335 
1.0340 
1.  0339 
1.  0333 

Per  ct. 

86.43 
86.46 
86.  99 
80.89 
86.73 
87.59 
87.03 
87.73 
87.09 

Per  ct. 
3.87 
.5.29 
3.91 
3.73 
3.97 
3.30 
3.61 
.3.43 
3.76 
4.04 
5.41 
3.76 

Per  ct. 
2.37 
2.52 
2.63 
3.19 
2.91 
2.66 
3.15 
2.66 
2.91 
2.73 
2.27 
3.11 
3.85 

Per  ct. 

Per  ct. 

.70 
..54 
.53 
..58 
.70 
.71 
.60 
.60 
.64 

Per  ct. 
13.  57 
13.54 
13.01 
13.11 
13.27 
12.41 
12.97 
12.27 
12.91 

157 

158 

159 

160 

161 

162 

163 

164 

165 

166 

167 

168 

169 

3.94 

3.92 

Means . . . 

1.  0334 

86.95 

4.08 

2.78 

5.05 

.70 

13.09 

Table  15. — Analyses  of  milk  from  various  sources. 


1.  0315 

88.14 

4.73 

2.88 

4.67 

.69 

n.86 

1.0320 

5.86 

2.84 

5.00 

.71 

1.  0316 

87.48 

5.05 

2.84 

4.75 

.73 

12.52 

1.  0265 

90.91 

2.35 

2.10 

3.77 

.62 

9.09 

1.  0254 

91.59 

2.01 

1.96 

3.63 

.52 

8.41 

1.  0245 

88.76 

4.51 

2.06 

2.02 

.56 

n.24 

1. 0285 

89.84 

2.68 

2.17 

4.23 

.69 

10.16 

1.  0335 

86.97 

4.07 

2.91 

4.92 

.68 

13.03 

L  0292 

89.09 

3.91 

2.47 

4.12 

.65 

9.54 

"  From  C.  J.  Loomis,  1413  Stougliton  Hill,    t  Department  Innch  room. 
+  Thompson's  Dairy. 


KOUMISS. 

The  use  of  koumiss,  both  as  a  beverage  and  in  the  sick-room,  is  rap- 
idly increasing  in  this  country,  and  for  this  reason  I  have  thought  it 
would  be  of  interest  to  add  here  the  results  of  the  investigations  on 
some  home-made  koumiss.^ 

Fermented  mare's  milk  has  long  been  a  favorite  beverage  in  the  East, 
where  it  is  known  as  "koumiss."  Although  the  Tartars  and  other  Asiatic 
tribes  use  mare's  milk  for  the  manufacture  of  koumiss,  yet  it  is  not  the 
only  kind  that  can  be  employed.  Since  the  consumption  of  milk-wine 
has  extended  westward  ^ow's  milk  is  chiefly  employed  for  making  it 
both  in  Europe  and  America.  Mare's  milk  is  considered  most  suitable 
for  fermentation  because  of  the  large  percentage  of  milk-sugar  which  it 
contains. 

Konig^  gives  as  the  average  percentage  of  milk-sugar  in  mare's  milk 
5.31.  The  same  author^  gives  as  a  mean  of  377  analyses  of  cow's  milk 
4.81  per  cent,  of  lactose.  Dr.  Stahlberg,^  who  brought  forty  mares  from 
the  steppes  of  Russia  to  Vienna  for  the  purpose  of  using  their  milk  for 


Am.  Cheni.  Jour.,  vol.  8,  p.  200. 
'Nabrungsmittol,  j).  40. 


Op.  cit.,  p.  40. 

Tymowskis'  Bedcntungde.slcnraya,  p.  12. 
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koumiss,  fouud  its  i^erceiitage  of  lactose  to  be  7.26.  On  the  other  hand, 
ordinary  mares  that  were  kept  at  work  gave  a  milk  containing  only  5.95 
per  cent,  sugar.  The  quantity  of  milk-sugar  in  mare's  milk  is  great, 
but  there  is  a  deficienc}^  of  fat  and  other  solids.  It  appears  to  contain 
fully  89  per  cent,  water,  while  cow's  milk  does  not  have  more  than  87 
per  cent. 

The  process  of  manufacture  is  not  uniform.  In  the  East  the  mare's 
milk  is  placed  in  leathern  vessels ;  to  it  is  added  a  portion  of  a  previ- 
ous brewing,  and  also  a  little  yeast.  In  thirty  to  forty-eight  hours  the 
process  is  complete.   During  this  time  the  vessels  are  frequently  shaken. 

In  the  samples  analyzed  by  me  the  milk  was  treated  with  a  lactic 
ferment  and  yeast.  After  twenty-four  to  forty-eight  hours' fermenta- 
tion the  koumiss  was  bottled.  The  bottles  were  kept  in  a  cool  place, 
not  above  50^  F.,  and  in  a  horizontal  position.  When  shipped  to  me 
they  were  packed  in  ice.  After  they  were  received  in  the  laboratory 
they  were  kept  on  ice  until  analyzed. 

METHOD    OF   ANALYSIS. 

Carbonic  dioxide. — The  estimation  of  the  carbonic  dioxide  was  a  prob- 
lem of  considerable  difficulty.  It  was  evidently  impracticable  to  at- 
temi)t  opening  the  bottle  and  determining  the  gas  in  a  i^ortion  of  the 
contents.  Fortunately  I  had  access  to  a  large  balance  which  would  turn 
with  a  milligram.  On  this  I  weighed  the  whole  bottle,  into  the  cork 
of  which  I  had  inserted  a  stop-cock  such  as  is  sometimes  used  with  a 
champagne  bottle.  With  the  bottle  of  koumiss  were  also  weighed  two 
drying  flasks  containing  concentrated  sulphuric  acid  with  their  connec- 
tions. 

Having  obtained  the  weight  of  irhe  whole,  the  gas  was  allowed  to 
escape  slowly  from  the  stop-cock  and  to  bubble  through  the  sulphuric 
acid  in  the  washing  flasks. 

These  flasks,  previously  to  being  weighed,  were  filled  with  the  gas 
from  an  ordinary  carbonic  dioxide  generator.  After  the  gas  had  almost 
ceased  to  flow  the  bottle  of  koumiss  was  frequently  shaken.  It  was  also 
placed  in  a  pail  of  water  having  a  temperature  of  30^  C.  After  half 
an  hour  the  gas  ceased  to  come  over. 

The  whole  apparatus  was  again  weighed.  The  loss  of  weight  gave 
the  quantity  of  free  carbonic  dioxide  in  the  sample.  After  the  analysis 
was  completed  the  volume  of  the  bottle  was  measured.  It  is  fair  to 
assume  that  atSO^  0.  the  koumiss  still  contained  an  equal  volume  of  dis- 
solved GO2.  In  determining  the  total  CO2  this  volume,  or  its  equivalent 
weight,  was  added  to  that  obtained  by  direct  determination. 

By  this  method  the  OO2  dissolved  under  pressure  in  the  bottles  is  esti- 
mated separately  from  that  which  the  koumiss  contains  in  solution  under 
the  weight  of  one  atmosphere.  Since  it  is  of  no  importance  to  separate 
the  gas  into  these  two  portions,  I  have  given  it  altogether  in  the  tables, 
in  volume,  by  weight;  and  in  percentage  by  weight. 
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Acidity. — The  samples  examined  showed  under  the  microscope  the 
acetic  ferment,  and  a  portion  of  the  acidity  was  therefore  due  to  acetic 
acid.  It  is  the  custom  iu  giving  the  results  of  analyses  of  koumiss  to 
represent  the  whole  of  the  acidity  as  due  to  lactic  acid.  If  ordinary 
yeast  is  used,  and  it  generally  is,  it  is  possible  that  acetic  acid  may  be 
formed.  This  appeared  to  be  the  case  with  the  sam^^les  in  question,  since 
in  distilling  them  a  larger  i)erceutage  of  acid  was  found  iu  the  distillate 
than  could  have  been  expected  had  lactic  acid  only  been  present. 

I  made  no  attempt  to  separate  these  two  acids,  but  estimated  the  total 
acidity,  and  then  represented  it  in  terms  of  both  acids. 

The  direct  titration  of  the  lactic  acid  in  the  koumiss  was  attended  with 
such  difficulty  that  the  attempt  was  abandoned.  Whatever  indicator 
was  employed,  the  change  in  color  was  so  obscured  that  no  sharj)  reac- 
tion could  be  obtained. 

To  obviate  this  trouble  the  koumiss  was  mixed  with  an  equal  volume 
of  saturated  solution  of  magnesium  sulphate.  After  shaking  the  mixture 
it  was  poured  through  a  linen  filter.  The  first  portions  running  through 
were  turbid.     After  reflltering  these  the  filtrate  was  quite  clear. 

Better  results  were  obtained  by  using  with  the  koumiss  equal  volumes 
of  alcohol.  The  filtrate  from  this  mixture  was  uniformly  bright.  In 
this  filtrate  the  acid  was  estimated  by  titration  with  standard  sodic- 
hydrate  solution,  making  the  proper  corrections  for  dilution  and  using 
phenol-phthalein  as  an  indicator.  I  would  recommend  this  alcoholic 
method  of  clarification  to  all  who  may  have  occasion  to  determine  acid 
in  milk. 

Alcohol. — The  alcohol  was  estimated  by  distilling  500cc.  koumiss  with 
lOOcc.  water  until  the  distillate  amounted  to  500cc.  This,  being  still  tur- 
bid, was  redistilled  with  a  small  quantity  of  water.  The  final  distillate 
of  oOOcc.  was  used  for  the  estimation  of  the  alcohol  in  the  usual  way,  viz, 
by  taking  its  specific  gravity  and  calculating  the  alcohol  from  tables. 

Milk-sugar. — The  milk-sugar  was  estimated  b^^  the  method  I  recom- 
mended iu  a  i)aper  read  at  the  Philadelphia  meeting  of  the  A.  A.  A.  S.' 

Fat. — Twenty  grams  of  the  koumiss  were  evaporated  to  dryness  iu  a 
schalchen,  the  whole  rubbed  to  a  fine  powder,  and  extracted  with  ether 
in  a  continuous  extractor.     The  process  of  extraction  lasted  six  hours. 

Albuminoids. — The  albuminoids  were  estimated  by  evaporating  5 
grams  of  the  material  in  a  schalchen,  rubbing  to  a  fine  powder  with 
soda-lime,  and  burning  with  the  same  in  the  usual  way. 

'  Am.  Chem.  Jour.,  vol.  6,  p.  289  etseq. 
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Water. — In  a  flat  platinum  dish  partly  filled  with  waslied  and  dried 
sand  2  grams  of  material  were  weighed  and  dried  t©  a  constant  weight 
at  100^  C.     Following  are  the  results  of  the  analyses : 

Table  No.  16.— Analyses  of  koumiss. 


No.  of  analysis. 

6 

© 

i 

t> 

i 

1 

6 
o 

1 

cS 
eS.M 

'S 

< 

s. 
1 

S| 

is 
< 

o 

Si 

1 

< 

1 

!2i 

1 

1 

1 

i 

1 

Grams. 
747. 415 
729.  376 
768.  575 
736  035 

Litres. 
2.543 
3.140 
3.179 
3.281 
3.  579 
2.973 
3.  204 
3.203 

Grams.  Pr.  ct. 
5.  009       .  67 
6. 18G       .  85 
6.2G9       .82 
6.463  1     .88 
6  850  '       91 

Pr.  ct. 

.31 

.34 

.30 

32 

Pr.  ct. 

"'.li' 

.51 
.45 
.48 
.43 
.49 

Pr.  ct. 

.87 
.66 
69 
.81 
.86 
.70 
.73 
.77 

Pr.  ct. 

.431 

Pr.  ct. 

2.  r>9 

Pr.  ct. 

9   21 

Pr.  cf. 

Pr.  ct. 
4.33 
4.31 
4.33 
4.  43; 
4.43, 
4.33. 
4.4& 

2 

3 

4 

.412  :  2.58 
.483  1  3.02 
.482  1  3.01 
.  423  !  2.  64 
.450  !  2.81 
.462  1  2.89 
.450     2  81 

2. 15       8a  53 
2.07       89.15 
1.  99       89.  31 

1.  67  1     89.  97 
1.75       89.87 

2.  44       89.  01 
9  -34  1     laa  Q7 

5 

746. 187 
750.  247 
738.  840 
75'^  550 

6 

7 

8 

5.  7.57       .  77 
•6.313  '     .85 

6.  428       .  85 

.27 
.33 

I        ""   '      —  v^.    1 

Mean 

.  83        .  31 

.47 

.76 

.449 

2. 56     9  Oft       sa  39  1    A.  Qfi. 

It  will  be  of  interest  to  compare  these  results  with  those  obtained 
by  other  analysts,  both  with  koumiss  from  mare's  milk  and  from  other 
sources.  As  a  mean  of  fourteen  analyses  of  mare's  milk  koumiss,  Konig^ 
gives  the  following  figures,  viz: 


Per  cent. 

Alcohol 

1.84 
0.91 
1.24 
1.97 
1.26 
0.30 
0.952 

Lactic  acid 

Milk  sugar 

Albumijioids 

Pat 

Ash 

Carbonic  dioxide 

The  mean  of  two  samples  of  koumiss  made  of  cow's  milk  is  given  by 


the  same  author,  as  follows : 


Per  cent. 

2.64 
0.80 
3.10 
2.02 
0.45 
1.03 

Lactic  acid 

Milk  sugar 

Albuminoids 

Ash 

Carbonic  dioxide 

In  nine  analyses  of  koumiss^  probably  made  of  cow's  milk  the  means 
are  as  follows : 


Per  cent.    I 


Alcohol 

Lactic  acid 

Milk-.sugar.. 

Albun)inoid.s 

Fat 

Ash 

Carbonic  dioxide 


L38 
0.82 
.3.95 
2.89 
0.88 
0.  53 
0.77 


1  Kiinig,  Nabruugsmittelj  vol.  1,  p.  68. 


Op.  ciL,  vol.  1,  p.  68. 
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Interesting  analyses  of  koumiss  prepared  from  mare's  milk  have  also 
been  made  by  Dr.  P.  Vietb.^ 

The  mares  from  which  the  milk  was  taken  were  on  exhibition  at  the 
London  International  Exposition  for  1884.  These  animals  were  obtained 
from  the  steppes  of  Southeastern  Eussia.  The  mares  were  from  five 
to  six  years  old,  and  were  cared  for  and  milked  by  natives  of  the 
country  from  which  they  were  taken.  When  milked  five  times  daily 
the  best  of  these  mares  gave  from  four  to  five  litres  of  milk.  It  is  to 
be  regretted  that  the  milk-sugar,  the  most  imi^ortant  ingredient  of 
milk  in  respect  of  koumiss  manufacture,  was  estimated  by  dilference. 
Eleven  analyses  of  the  mixed  milk  gave  the  following  numbers : 

Table  of  analyses. 


Specific 
gravity. 

Water. 

Fat. 

Albuminoids. 

Milk  sugar. 

Ash. 

1.  0335 
1. 0360 

Per  cent. 
89.74 
90.41 

Per  cent. 
0.87 
1.  25 

Per  cent. 

1.71 
9  11 

Per  cent. 
6.30 
6.82 

Per  cent. 
0.26 
0.36 

Maxinmni  . .  ....  . ■ 

Mean 

1. 0349 

90.06 

1.09 

1.89 

6.65 

0.31 

The  koumiss  from  the  above  milk  had  the  following  composition : 


Sample  No. 

Water. 

Alcohol. 

Fat. 

Albumi- 
neids. 

Lactic 
acid. 

Milt- 
sugar. 

Ash. 

1  ..  .. . 

Per  cent. 
90.99 
91.  95 
91.79 
91.87 
92.38 
92.42 
91.42 
92.04 
91.  99 

Per  cent. 
2.47 
2.70 
2.84 
3.29 
3.26 
3.29 
2.25 
2.84 
2.81 

Per  cent. 
1.08 
1.13 
1.27 
1.17 
1.14 
1.20 
1.22 
1.10 
1.44 

Per  cent. 
2.25 
2.00 
1.97 
1.90 
1.76 
1.87 
1.75 
1.89 
1.69 

Per  cent. 
0.64 
1.16 
1.26 
0.96 
1.03 
1.00 
0.70 
1.06 
1.54 

Per  cent. 
2.21 
0.69 
0.51 
0.39 
0.09 
0.00 
2.30 
0.73 
0.19 

Per  cent. 
0.36 
0.37 
0.36 
0.33 
0.34 
0.35 
0.36 
0.34 
0.34 

2 

3                 

4 

5                          

6 

7 

8 

9 

Mean 

91.87 

2.86 

1.19 

1.91 

1.04 

0.79 

0.35 

Collecting  the  above  means  together,  we  have  the  following  compara. 
tive  table : 


Sample  No. 

Alcohol. 

Lactic 
acid. 

Sugar. 

Albumi- 
noids. 

Fat. 

CO2. 

Water. 

1 

Per  cent. 
1.84 
2.64 
1.38 
2.86 
0.76 

Per  cent. 
0.91 
0.80 
0.82 
1.04 
0.47 

Per  cent. 
1.24 
3.10 
3.95 
0.79 
4.38 

Per  cent. 
1.97 
2.02 
2.89 
1.91 
2.56 

Per  cent. 
1.26 

0.85 
0.88 
1.19 
2.08 

Percent. 
0.95 
1.03 
0.77 

Per  cent. 

=^92.  47 
88.72 

289.  55 
91.87 
89.32 

2          

3 

4 

5 

0.83 

Notes.— No.  l,  mean  of  14  analyses  of  koumiss  from  mare's  milk ;  No.  2,  mean  of  2  analyses  of  koumiss 
jTom  cow's  milk  ;  No.  3,  mean  of  9  analyses  of  koumiss,  origin  unknown,  probably  from  skimmed 
(>ow's  milk;  No.  4,  moan  of  9  analyses  of  koumiss  made  from  mare's  milk,  London  Exposition  of  1884; 
No.  5,  mean  of  8  analyses  of  koumiss  from  cow's  milk,  made  by  Division  of  Chemistry,  United  States 
Department  of  Agriculture. 

^  Landw.  Vcrsuchs-Stationen,  vol.  31,  pp.  353  et  seq. 
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The  comparison  of  the  above  results  shows  that  the  American  koumiss 
differs  from  that  of  other  countries  in  the  following  points,  viz : 

{a)  The  percentage  of  alcohol  is  quite  low  and  as  a  consequence  the 
percentage  of  sugar  is  high. 

(&)  American  koumiss  contains  more  fat;  showing  that  it  has  been 
made  from  milk  from  which  the  cream  had  not  been  so  carefully  re- 
moved as  in  those  milks  from  which  the  European  koumiss  was  made. 
Mare's  milk,  as  will  be  seen  by  the  above  analyses,  contains  much  less 
fat  and  more  sugar  than  that  of  the  cow,  thus  making  it  more  suitable  for 
the  production  of  koumiss.  Good  cow's  milk,  however,  is  suitable  for 
the  manufacture  of  koumiss  after  most  of  the  cream  has  been  removed. 
Should  it  be  desired  to  make  a  koumiss  richer  in  alcohol,  some  milk- 
sugar  could  be  added. 

The  samples  analyzed  were  kindly  furnished  me  by  Mr.  Julius  Haag, 
of  Indianapolis.  This  koumiss  makes  a  delightfully  refreshing  drink. 
When  drawn  from  the  bottle  and  poured  a  few  times  from  glass  to  glass 
it  becomes  thick  like  whipped  cream,  and  is  then  most  palatable.  It  is 
much  relished  as  a  beverage,  and  is  highly  recommended  by  physicians 
in  cases  of  imperfect  nutrition.  Those  desiring  to  study  the  therapeutic 
action  of  koumiss  should  consult  the  monographs  of  Biel,^  Stahlberg,^ 
Landowski,'^  and  Tymowski."^ 

CHEESE. 

No  studies  of  cheese  have  been  made  in  this  laboratory. 
Caldwell'''  has  given  a  resume  of  the  subject  up  to  1882,  as  follows: 

Literature. — The  subject  of  the  adulteration  of  cheese  receives  only  brief  luentiou 
either  in.  the  journals  or  in  monograph  works  on  adulteratiou  of  food. 

The  Analyst ^  quotes  from  the  Chicago  Journal  of  Commerce  the  statement  that 
soapstone,  soda,  and  potash  are  added  to  cheese. 

HasselU  states  that  cheese  is  adulterated  with  potatoes  in  Thuriugia  and  in  Sax- 
ony, and  that  bean  meal  is  sometimes  added  in  the  place  of  potatoes  ;  that  Vene- 
tian red  has  beeu  detected  in  several  case.s  in  the  coloring  of  the  rind,  and  as  this 
color  sometimes  contains  lead,  and  the  rind  is  sometimes  eaten,  the  fraud  may  be 
dangerous.  He  also  says  it  is  stated  that  blue  vitriol  and  arsenic  (green  ?  )  are  some- 
times added,  perhaps  to  give  the  appearance  of  age  to  the  cheese,  but  he  has  never 
found  them. 

Ellsner^  says  that  adulterations  of  cheese  are  not  known.  He  mentions  oleo- 
margarine cheese  as  an  article  recently  introduced  in  Germany.  Griessmayer '^  also 
says  that  cheese  is  not  adulterated ;  but  he  mentions  in  appropriate  terms  a  prac- 
tice of  soaking  certain  kinds  of  cheese,  such  as  Limburger,  in  urine  in  order  to  give^ 

^Untersuchungeu  iiber  den  Kumys  uud  den  Stoffwechsel  wiihrend  der  Kumyscur. 
^Kumys,  seine  physiologische  und  therapeutische  Wirkung.     St.  Petersburg. 
^Du  kumys  et  de  son  role  thdrapentique. 
''Zur  physiologischen  und  therapeutischen  Bedeutung  des  Kumys.     Miinchen. 

5  Second  Ann.  Kept.  N.  Y.  S.  Bd.  of  Health,  p.  529. 

6  1881,  p.  29. 

7 Food  and  its  adulterations,  187(). 

^Dio  Praxis  der  Nahrungsmittel-Chemiker,  1880. 

'Die  Verfalschung  der  wichtigsten  Nahruugs-  uud  Genussmittel,  1880. 
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them  in  a  short  time  the  appearance  of  ri^ieness  ;  such  cheese  can  he  made  to  show 
the  reaction  for  murexide.  He  mentions  the  possible  occurrence  of  poisonous  metals, 
as  copper,  lead,  or  zinc  in  cheese,  owing  to  carelessness  in  keeping  it  in  metallic  ves- 
sels or  wrappings. 

Fleischmann  ^  quotes  the  results  of  Vogel's  examination  of  cheese  for  lead ;  be- 
yond 2  inches  from  the  rind  no  lead  was  found,  even  in  cases  of  cheese  wrapped  in 
very  inferior  tinfoil  containing  much  lead;  but  in  such  cases  lead  was  detected  in 
the  portions  of  the  cheese  immediately  under  the  rind;  0.5G  per  cent,  of  lead  was 
found  in  one  instance  in  the  rind  of  a  cheese  wrapped  in  tinfoil  containing  15  iDcr  cent. 
of  lead.  Such  cheeses  are  so  little  used  in  this  country,  however,  that  this  matter  has 
no  general  importance;  but  the  information  may  servo  as  a  warning  to  those  who  do 
eat  them  to  be  careful  of  eating  the  rind. 

The  same  author  mentions  also  the  use  of  veratrin,  sulphate  of  zinc,  and  arsenic  to 
give  to  green  cheese  the  strong  biting  flavor  of  old  cheese,  and  the  addition  of  blue 
vitriol  to  the  milk  in  order  to  prevent  huffing  of  the  cheese. 

Liebermann^  mentions  the  danger  in  metallic  wrappings,  and  states  that  verdi- 
gris is  sometimes  sprinkled  over  the  cheese  to  give  it  the  appearance  of  age.  Blythe^ 
states  that  washes  containing  arsenic  and  lead  have  often  been  applied  to  ward  off 
flies,  and  as  some  people  eat  the  rind,  such  practices  may  be  dangerous. 

Lard  cheese. — About  ten  years  ago  dairymen  were  much  concerned  less  the  manu- 
facture of  cheese  from  skimmed  milk  and  oleomargarine  should  seriously  injure  the 
reputation  of  American  cheese  abroad,  and  in  that  way  hurt  the  dairyman's  busi- 
ness here.  Whatever  chance  this  mode  of  making  cheese  may  have  had  for  success, 
it  is  now  qaite  supplanted  by  the  lard  cheese  which  is  made  at  over  twenty  factories 
in  this  State,  under  patents  issued  to  H.  O.  Freeman  in  1873  and  to  William  Cooley 
in  1881. 

In  this  process  an  emulsion  of  lard  is  made  by  bringing  together  in  a  '^  disintegrator'' 
lard  and  skimmed  milk,  both  previously  heated  to  140°  Fahr.  in  steam-jacketed 
tanks;  the''  disintegrator  "  consists  of  a  cylinder  revolving  within  a  cylindrical  shell : 
the  surface  of  the  cylinder  is  covered  with  fine  serrated  projections,  each  one  of  which 
is  a  tooth  with  a  sharp  point ;  as  this  cylinder  revolves,  rapidly  within  its  shell,  the 
mixture  of  melted  lard  and  hot  skimmed  milk  is  forced  up  in  the  narrow  interspace? 
and  the  lard  becomes  very  finely  divided  and  most  intimately  mixed  or  "  emulsionized' 
with  the  milk.  This  emulsion  consists  of  from  two  to  three  parts  of  milk  to  one  of 
lard ;  it  can  be  made  at  one  factory  and  taken  to  another  to  be  used  for  cheese,  but 
it  is  usually  run  at  once  into  the  cheese  vat. 

In  making  the  cheese  a  quantity  of  this  emulsion  containing  about  80  pounds  of 
lard  is  added  to  6,000  pounds  of  skimmed  milk  and  about  600  pounds  of  buttermilk 
in  the  cheese  vat,  and  the  lard  that  does  not  remain  incorporated  with  the  milk  or 
curd,  usually  about  10  pounds,  is  carefully  skimmed  off".  These  quantities  of  the 
materials  yield  .^)00  to  600  pounds  of  cheese,  containing  about  70  pounds  of  lard, 
or  about  14  per  cent.  ;  about  half  of  the  fat  removed  in  the  skimming  of  the  milk  is 
replaced  by  lard  (Munsell).  It  is  claimed  that  no  alkali  or  antiseptic  is  used,  and 
that  only  the  best  kettle-rendered  lard  can  be  emi^loyed,  because  of  the  injurious  ef- 
fect of  any  inferior  article  on  the  quality  of  the  cheese,  and  that  before  even  this 
lard  is  used  it  is  deodorized  by  blowing  steam,  under  80  pounds' pressure,  through  it 
for  an  hour. 

According  to  many  witnesses  the  imitation  is  excellent,  for  experts  have  been 
unable  to  pick  out  lard  cheeses  from  a  lot  of  these  and  full- cream  cheeses  of  good 
quality  together ;  and  it  may  therefore  be  safely  presumed  that  the  general  public 
"would  be  quite  unable  to  distinguish  one  from  the  other. 

i  Das  Molkereiwesen,  1879. 

^Anleitung   zur  Chemischen  Untersuchung  auf   dem  Gebiete  der  Medicinpolizei, 
Hygiene  und  forensischen  Praxis,  1877. 
•Food. 
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The  statistics  of  the  manufacture  of  this  kind  of  cheese  as  gathered  from  various 
sources,  and  partly  by  Inspector  Munsell,  are  about  as  follows :  Thirteen  of  the  "  dis- 
integrators" are  in  operation,  all  in  this  State  and  none  elsewhere.  The  production 
of  cheese  at  the  twenty-three  factories  engaged  in  the  manufacture  in  this  State  dur- 
ing the  six  months  ending  November  1,  1881,  was  stated  to  amount  to  800,000  pounds. 
None  is  made  in  other  States,  although  it  was  stated  before  the  Assembly  Committee 
on  Public  Health/  in  1881,  that  it  was  made  at  the  West.  Before  the  same  com- 
mittee it  was  stated  that  some  of  the  cheese  was  sold  in  New  York  City  for  consump- 
tion, but  according  to  the  best  of  ray  information,  most  if  not  all  of  it  is  exported. 
It  is  claimed  that  it  brings  from  eight  to  ten  cents  a  pound  when  full-cream  cheeses 
sell  at  twelve  cents,  and  "full-skim"  cheeses  at  four  or  five  cents;  but  New  York 
dealers  tell  the  inspector  that  the  cheese  brings  but  four  cents  a  pound  when  its  true 
character  is  known,  and  that  it  is  for  exportation  only.  The  inspectors  have  not  been 
able  to  find  any  cheese  in  the  city  markets  which  they  had  any  reason  to  suppose  to 
be  lard  cheese. 

In  two  respects  this  kind  of  cheese  can  be  considered  as  a  fraud  un4er  the  new  food 
and  drug  law,  unless  sold  under  its  distinctive  name.  It  contains  less  fat,  and  fat  of 
a  cheaper  kind,  than  the  ordinary  full-cream  cheese  contains,  and,  secondly,  there 
are  some  grounds  for  the  belief  that  the  fat  which  is  substituted  for  the  butter  fat  is 
less  wholesome  than  that.  Rubner  -  in  some  investigations  on  the  assimilation 
of  various  articles  of  food  by  the  human  subject  found  that  lard  was  less  digestible 
than  butter  ;  and  the  objection  to  oleomargarine  butter  on  the  ground  of  its  indigest- 
ibility  as  compared  with  genuine  butter  may  apply  xierhaps  with  more  force  to  lard 
cheese;  it  only  remains  to  determine  by  experiment  whether  the  digestibility  of  the 
substances  is  increased  by  the  operation  of  emulsionizing. 

Skim  cheese  ("  anti-huff  cheese")  is  made,  as  is  well  known,  from  " fuil-skimmed '? 
milk,  without  any  attempt  to  replace  the  fat  removed  for  butter.  It  is  doubtful 
whether  such  cheeses  are  anywhere  sold  in  a  way  to  deceive  consumers  as  to  their 
character.  To  prove  the  quality  of  these  cheeses,  and  especially  to  prevent  them 
from  puffing  out,  or  •'  huffing,"  as  it  is  technically  called,  from  the  abnormal  genera- 
tion of  gases  in  the  interior  before  they  become  fully  ripe,  patented  "anti-mottling'' 
and  "anti-hulfing"  extracts  are  employed,  consisting,  it  is  claimed,  only  of  caustic 
and  carbonated  alkali,  saltpeter,  and  a  little  annat  to,  for  coloring,  dissolved  in  water, 
A  qualitative  analysis  of  one  of  these  extracts  by  both  Mr.  Munsell  and  myself  con- 
firm this  claim  in  one  case ;  but  another  extract,  said  to  be  used  at  the  West,  was  found 
to  consist  almost  entirely  of  borax,  which  is  a  well-known  antiseptic.  The  quantity 
of  alkali  and  saltpeter  said  to  be  added  to  the  cheese  in  this  operation  is  small,  in 
all  less  than  five  ounces  to  the  milk  and  sour  buttermilk  for  100  pounds  of  cheese^ 
and  a  portion  of  this  must  remain  in  solution  in  the  whey  ;  and  there  is  no  satisfactory 
evidence  that  such  a  quantity  of  borax  as  could  be  added  to  the  cheese  without  aftect- 
ing  its  taste  would  be  j)rejudicial  to  the  health  for  any  ordinary  quantity  of  cheese 
eaten.  Gruber-^  shows  that  when  this  substance  is  taken  into  the  system  it  seems  to 
leave  the  organism  very  quickly  and  without  alfecting  the  system  in  any  injurious 
manner. 

As  to  the  statistics  of  the  manufacture  of  *'  anti-huff  cheese,"  it  is  stated  that  in  the 
most  important  section  of  this  State  for  dairy  products  4,500  cheeses  of  the  best  quality 
were  made  this  year  of  skimmed  milk  and  sour  buttermilk  with  the  aid  of  this  extract. 
Before  the  assembly  committee^  it  was  affirmed  that  this   cheese  is  consumed  to 

'  Fenner  Committee.  Testimony  taken  before  Assembly  Committee  on  Public 
Health  in  the  matter  of  investigation  into  the  subject  of  the  manufacture  and  sale  of 
oleomargarine-butter  and  lard-cheese.     Hon.  M.  M.  Fenner,  chairman,  1881. 

2Zeits.  liir  Biologic,  vol.  1.5,  p.  115.     Bied.  Ccntralblatt,  1881,  p.  :?94. 

^Ber.  Chem.  Gesel.,  vol.  14,  p.  2290.     Zeits.  fiir  Biologic,  vol.  10,  p.  195. 

*Loc.  cit. 
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some  exteut  iu  this  couutry,  but  most  of  it  is  exported.  It  is  ckiimcd  that  nearly  tlie 
same  jirices  are  obtained  for  the  cheese  as  for  fall  cream  cheese,  and  that  it  is  a  good 
and  wholesome  article  of  food,  containing  nothing  but  what  is  found  in  other  food. 
On  the  other  hand,  it  is  asserted  that  the  excessive  (|nantity  of  alkali  supposed  to  be 
in  the  cheese  makes  it  nu wholesome,  and  that,  like  the  lard  cheese,  it  is  a  fraud  on  the 
public  unless  sold  nuder  a  distinctive  name  ;  bringing  nearly  the  xirices  of  a  full  cream 
cheese,  it  is  taken  by  consumers  to  be  such.  As  to  the  first  point  there  is  no  evi- 
dence j)ro  or  con,  and  the  x^rosumption  is,  as  above  stated,  that  there  is  no  excessive 
quantity  of  alkali  in  the  cheese.  As  to  the  latter  point,  it  can  bo  left  to  the  interx^reta- 
tion  of  the  law.  Without  question,  a  valuable  constituent  of  the  cheese  has  been 
removed  and  nothing  of  the  same  character  has  been  substituted  for  it. 

Water  and  fat  determined  were  in  small  samples,  each  one  of  skim  cheese  made 
without  anti-huffing  extract,  and  with  it.  Both  samx^les  were  taken  with  an  ordinary 
cheese-tryer  by  Mr.  Freeman,  the  x^atentee  of  the  x^rocess,  and  sent  through  Mr.  Mun- 
sell  to  mo.     The  results  of  this  x^artial  analysis  are  given  below  : 


Auti-liuff  elieese 

Ordinary  skim  cheese 


Water. 


Pr.  ct. 

47.56 
47.00 


yat. 


Pr.  ct. 

14.48 
16.77 


There  is  nothing  unusual  in  the  composition  of  these  samples  as  comx^ared  with 
skim  cheese  in  general. 

Poisonous  cheese. — A  samx)le  of  cheese,  said  to  have  x^roduced  sickness  on  the  x>art  of 
those  who  ate  it,  was  sent  to  me  by  the  Secretary  of  the  Board,  who  received  it  from 
Inspector  Smith.  Cases  of  so-called  "  x^oisonous  cheese  "  occasionally  ax^jear  iu  differ- 
ent parts  of  this  country  and  in  other  countries.  Husemanu,i  quoted  by  Fleischmann," 
mentions  a  number  of  instances  from  all  x>art8  of  Germany,  and  also  in  England  aud 
Russia,  resulting  from  eating  old  aud  especially  sour  milk  and  soft  rennet  cheeses. 
Scarcely  ever  is  the  result  fatal,  and  recovery  is  rax^id,  because  the  vomiting,  which 
is  among  the  first  symptoms,  relieves  the  system  of  the  dangerous  matter.  Voelcker  ^ 
after  noticing  cases  of  sickness  x>roduced  by  cheese  containing  cox)X>er  or  zinc  sulx)hate 
that  had  been  added  often  surreptitiously  by  the  dairymaid  to  x^revent  "heaving  "  of 
the  clieese,  gives  an  account  of  a  case  where  all  the  cheese  of  a  certain  "make"  sold 
in  ditferent  places  produced  sickness.  The  cheese  presented  nothing  abnormal  in  ax)- 
X)earance,  but  his  assistants,  on  eating  less  than  a  quarter  of  an  ounce  of  it,  were  taken 
with  violent  vomiting  and  pain  in  the  bowels,  and  a  disagreeable  mercurial  after-taste 
was  left  in  the  mouth.  No  metallic  poisons  could  be  found  in  it,  however,  nor  any- 
thiug  else  abnormal  excex)t  an  apparently  larger  quantity  than  usual  of  fatty  acids, 
giving  a  strong  acid  reaction  to  the  cheese.  He  suggests  that  the  poison  is  identical 
with  the  so-called  sausage  x>oison  of  German  sausages  made  largely  from  coagulated 
blood,  and  says  that  a  similar  poison  appears  to  be  generated  sometimes  in  x^icklcd 
salmou,  smoked  sprats,  pork  or  tainted  meat,  and  that  rancid  butter  may  act  as  a 
poison.  It  disappears  from  the  cheese  when  quite  decayed.  I  have  on  previous  oc- 
casious  examined  such  cheese  both  chemically  and  with  the  microscox^e,  without  find- 
ing any  cause  for  the  physiological  eflect  produced  by  it,  or.  anything  unusual.  In 
one  case  the  cheese  was  excellent  in  quality  otherwise,  but  it  nevertheless,  when  eaten 
to  test  the  truth  of  the  allegation  against  it,  made  me  quite  ill  with  the  usual  symp- 
toms for  a  short  time.  In  the  present  instance  some  of  the  cheese  was  oftered  to  some 
kittens  which  are  kept  in  stock  for  the  use  of  the  anatomical  department  of  the 
University.     At  first  only  one  would  eat  it  and  that  one  appeared  to  be  quite  sick  the 


'^Loc.  cit. 

•'Journ.  Roy.  Agric,  Soc,  vol.  23,  p.  340. 
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next  (lay.  After  lier  recovery  the  same  kitten  ate  of  the  cheese  again  without  any 
noticeable  ill  effects,  and  several  others  also  ate  of  it  without  harm.  It  appears, 
therefore,  that  the  illness  of  the  first  animal  may  as  well  have  been  caused  by  over- 
eating of  rich  food  as  by  any  supposed  poisonous  character  belonging  to  the  cheese. 
I  examined  the  cheese  for  poisonous  metals  in  the  rind,  and  for  matters  of  the  nature 
of  alkaloids  in  the  other  part ;  no  metals  were  found.  With  respect  to  the  second 
test,  a  very  small  quantity  of  a  substance,  precipitated  by  alkali,  soluble  in  ether, 
and  giving  with  platinum  chloride  a  yellowish  flocculent  precipitate,  was  obtained. 
These  reactions  indicate  an  alkaloid,  but  I  have  not  been  able  as  yet  to  carry  the 
examination  any  further,  and,  moreover,  it  is  not  at  all  unli  kely  that  a  substance  of 
the  same  character  may  be  found  in  any  ripened  cheese  as  one  of  the  normal  products 
of  the  putrefaction.  Therefore,  this  result  obtained  with  the  poisonous  cheese  can 
have  no  significance  till  normal  cheese  has  been  examined  in  the  same  manner  with- 
out finding  any  evidence  of  the  presence  of  alkaloids.  For  the  present,  therefore,  we 
can  only  repeat  what  others  have  said  who  have  given  this  matter  their  attention, 
that  the  cause  of  this  peculiar  property  of  cheese  is  probably  an  unknown  organic 
substance,  resulting  from  an  abormal  process  of  ripening. 

Fickert  ^  gives  the  results  of  some  recent  legal  iuv  estigatious  on  this 
subject.  Cheese  is  so  seldom  the  object  of  adulteration  that  when 
lately  the  daily  papers  stated  that  it  was  sometimes  treated  with  urine 
in  order  to  give  it  more  quickly  the  desired  odor  and  taste,  it  was 
considered  as  an  isolated  case.  More  worthy  of  note,  therefore,  was 
the  discovery  in  a  trial  at  Frankenberg,  in  Saxony,  that  mashed  boiled 
potatoes  had  been  used  as  an  adulterant  of  cheese.  This  adulteration 
had  already  been  discussed  by  Popperheim,  and  that,  too,  in  cheese  made 
especially  for  home  consumption  and  not  intended  for  commerce.  This 
adulterant  is  easily  detected  by  the  microscope  and  by  iodine. 

Since  the  intrinsic  value  of  cheese  depends  largely  on  its  high  content 
of  albuminoids,  viz,  about  30  per  cent.,  and  since  potatoes  contain  not 
much  over  a  per  cent,  of  these  bodies,  it  is  easily  seen  how  greatly  the 
value  of  the  cheese  is  impaired  by  such  an  admixture. 

TYROTOXICON. 

The  poisonous  substance  which  sometimes  is  developed  in  cheese  aud 
milk  has  been  isolated  by  Yaughn.  ^  This  substance,  the  chemical  na- 
ture of  which  is  not  yet  fully  understood,  has  been  found  in  cheese,  milk, 
ice-cream,  and  oysters.  For  an  account  of  its  toxic  properties  consult 
Dr.  Vaughn's  papers. 

iChem.  Central blatt,  1886,  p.  956;  Rep.  d.  ver.  anal.  Chem.,  vol.  6,  p.  486. 
2Pax)er  read  at  Buffalo  meeting  A.  A.  A.  S.,  Aug.,  1886,  Chem.  News,  1886;  Medical 
News,  April  2,  1887,  p.  369. 
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ESTIMATION   OF  FAT   IN   MILK. 

Morse  and  Piggot^  describe  a  method  of  estimating  fat  in  milk  by  pre- 
vious desiccation  with  dehydrated  snlphate  of  copper.  About  20  grams 
of  the  dried  copper  sulphate  are  placed  in  a  porcelain  mortar  and  lO^'^'of 
milk  added  to  it,  being  careful  that  none  of  the  milk  comes  in  contact 
with  the  mortar.  The  milk  is  dried  in  a  very  few  moments,  and  the 
mass  is  then  rubbed  up  with  a  little  clean  sand  and  transferred  to  an 
extraction  tube.  The  mortar  is  then  washed  two  or  three  times  with 
from  10  to  15««  of  benzine,  and  the  fat  is  extracted  by  treating  in  the 
extraction  tube  twelve  times  with  the  same  quantity  of  benzine.  The 
flask  which  has  received  the  solution  of  butter  is  now  placed  on  a  water- 
bath  and  the  volume  of  the  solution  reduced  to  10^<^  or  less.  The  butter 
fat  is  now  saponified  with  20"^  of  half  normal  solution  of  caustic  potash. 
The  excess  of  alkali  is  determined  by  a  standard  solution  of  hydro- 
chloric acid.  The  results  obtained  b}^  this  method  agree  closely  with 
the  gravimetric  determinations. 

ESTIMATION   OF   AVATER  IN  MILK. 

The  determination  of  water  in  milk  is  made  in  the  following  manner, 
described  by  F.  G.  Short^:  About  2  grams  of  milk  are  placed  in  a  Hof- 
meister  capsule  (schalchen)  and  dried  at  110^  C.  in  an  oven  containing 
a  solution  of  chloride  of  calcium,  boiling  at  110<^  C. 

When  the  fat  is  to  be  subsequently  estimated  the  capsule  is  wrapped 
in  a  piece  of  prepared  cheese-cloth,  crushed  between  the  fingers,  and 
placed  in  an  extraction  tube. 

SUBSTANCES  SOMETIMES  ADDED  TO  MILK  TO  MASK  THE  REMOVAL  OF 
THE  CREAM  AND  ADDITION  OF  WATER. 

Where  much  w^ater  is  added  sugar  is  most  frequently  used  to  increase 
the  specific  gravity  to  the  normal  number. 

Chalk,  salt,  annotto,  turmeric,  gum,  dextrine,  and  cerebral  matter 
have  also  been  found  in  milk  by  Professor  Weber. 

lAmer.  Chem.  Journ.,  vol,  9,  p.  108.  ^^^jjjer.  Chem.  Journ.,  vol.  9,  p.  100. 
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MILK   ADULTEKANT. 

Felix  Leiigt'ekl,  of  San  Fmucisco,  has  commuuicated  to  me  tbe  com- 
position of  a  milk  adulterant  which  has  been  largely  used  in  San  Fran- 
cisco. The  mixture  consists  of  common  salt,  saltpeter,  saleratas,  a 
trace  of  caustic  soda,  and  a  large  quantity  of  sugar.  The  color  is  im- 
I)arted  by  caramel.  These  bodies  are  dissolved  in  an  excess  of  water 
and  the  solution  used  for  adulterating  milk  in  any  desired  quantity. 

OCCURRENCE   OF   ULTRAMARINE   AS   AN   ADULTERANT  IN   MILK, 

Thorns^  has  analyzed  a  milk  which  had  a  chalk}^  appearance,  and  on 
standing  showed  an  accumulation  of  a  bluish  liquid  at  the  surface. 
Ultra-marine  was  found  present  in  the  proportion  of  82.3  milligrams 
per  liter. 

FILLED    CHEESE. 

On  the  authority  of  the  Produce  Exchange  Bulletin,  I  give  the  follow- 
ing account  of  the  manufacture  of  filled  cheese : 

The  j)rocess  consists  in  taking  all  the  cream  out  of  the  milk  by  the  separator,  aud 
then  taking  the  skim  milk  up  and  charging  the  vat  just  before  it  is  set  Avith  deodor- 
ized lard,  cotton-seed  oil,  or  other  fat.  The  oil  is  taken  np  in  the  curd  and  mechan- 
ically held  there,  the  cheese  curd  simply  being  used  as  a  capsule  in  which  to  carry  it. 
There  is  no  assimilation  or  chemical  affinity  between  the  curd  and  its  contents. 

Prof.  H.  A.  Weber,  of  Columbus,  Ohio,  has  made  comparative  analy- 
ses of  samples  of  genuine  and  artificial  cheese,  with  the  following  results : 


Genuine 
clieese. 

Artificial 
cheese. 

Per  cent. 

35.42 

2.47 

34.66 

30.45 

Per  cent. 
52  73 

^sli 

2  09 

Fat        

2.03 

rJasMTift    snp"a,r    &c,           

41  95 

Total 

103.  00 

100  00 

^Pharm.  Zeitung,  vol.  32,  p.  59. 
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U.  S.  Department  of  Agriculture, 

Division  of  Chemistry, 
Washington^  D.  C,  March  15,  1887. 

Sir  :  Haviug  been  directed  by  you  to  make  an  examination  of  the 
adulteration  of  spices  and  condiments,  I  have  been  engaged  at  different 
times  duriDg  the  past  year  upon  the  subject,  and  with  some  aid  from 
the  assistants  in  the  laboratory  in  performing  the  chemical  determina- 
tions have  prepared  the  following  report,  which  forms  part  2  of  Bulletin 
No.  13  of  this  Division.  It  has  been  my  endeavor  to  collect  all  the 
available  information  in  regard  to  the  extent  and  character  of  this 
adulteration  in  all  parts  of  the  world,  and  to  describe  for  the  benefit  of 
investigators  the  means  to  be  employed  for  its  detection.  More  par- 
ticularly I  have  entered  into  an  examination  of  the  spices  and  condi- 
ments found  in  the  markets  of  Washington  and  Balitimore,  and  have 
tested  with  them  the  methods  of  investigation  which  are  described. 

It  has  seemed  appropriate  to  divide  the  report  into  two  parts,  the 
first  being  devoted  to  a  popular  exposition  of  the  origin  of  the  spices 
and  the  means  employed  for  their  adulteration,  while  the  second  con- 
tains a  more  extended  technical  discussion  of  the  subject  and  of  the 
results  of  analysis,  both  microscopical  and  chemical,  and  the  methods 
which  have  been  proposed  by  recent  authorities  for  the  detection  of 
sophistication.  I  have  been  assisted  in  the  chemical  work  by  Messrs. 
Kuorr,  Trescot,  and  Fake,  assistants  in  the  laboratory  of  the  Division, 
who  have  completed  a  large  portion  of  the  determinations  under  my 
supervision,  and  I  am  indebted  to  Dr.  Battershall,  of  [N^ew  York,  for 
the  privilege  of  examining  the  advanced  sheets  of  his  work  on  food 
adulteration. 

To  the  standard  authorities,  Hassall,  Koenig,  Schimper,  and  others, 
I  owe  much  for  the  information  derived  from  them,  although  their  work 
is  not  entirely  applicable  in  this  country,  and  I  have  copied  from  Schim- 
per some  of  his  diagramatic  drawings  of  the  spices,  which,  although 
extremely  deceptive  to  the  beginner,  may  in  their  proper  way  be  made 
of  value  for  reference.  Other  sources  of  information  I  have  acknowl- 
edged in  the  body  of  the  report. 
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The  amount  of  adulteration  which  has  been  detected  is  extremely 
large  and  of  a  nature  which  apparently  arouses  but  little  prejudice  on 
the  part  of  the  consumer,  being  free  from  associations  of  uncleanliness. 
Could  only  a  portion  of  the  unfortunate  dislike  for  oleomargarine  be 
directed  toward  the  spices,  the  result  would  be  that  much  wasted  energy 
would  be  turned  into  a  profitable  channel.  The  necessity  for  some 
means  for  the  suppression  of  the  present  universal  sophistication  of 
spices  and  condiments  seems  urgent. 
Very  respectfully, 

CLIFFOED  KICHAEDSOX. 

Dr.  H.  W.  Wiley. 
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Under  this  head  are  included  substances  which  while  not  in  them- 
iselves  foods  serve  to  render  the  latter  luore  palatable,  and  to  stimulate 
digestion.  Thi'3^  occupy  an  important  position  in  the  diet  of  the  human 
race,  and  are  largely  subject  to  ad  ulteration  or  sophistication.  Among 
the  more  common  are :  Peppers  of  various  kinds,  mustard,  cloves,  cin- 
namon, cassia,  allspice  or  pimento,  nutmeg,  mace,  ginger. 

These  substances  are  so  often  and  seriously  adulterated  because  it  is 
readily  accomplished,  owing  to  the  custom  of  putting  them  on  the  mar- 
ket in  a  ground  condition,  which  prevents  the  recognition  of  quality 
from  mere  appearance,  and  because  so  many  cheap  substitutes  or  dilu- 
ents are  readily  found  which  resemble  the  real  article.  In  addition, 
the  demand  on  the  part  of  the  poorer  classes  for  the  cheapest  possible 
supply  and  the  competition  brought  about  by  this  demand  in  the  trade 
has,  owing  to  general  high  prices  attached  to  most  of  the  spices  of  good 
quality,  fostered  and  extended  the  practice. 

At  the  present  time  in  several  of  our  largest  cities  the  price  to  be 
paid  for  a  spice  is  named  by  the  retail  dealer,  and  he  is  then  furnished 
from  the  spice-mill  with  a  mixture  containing  the  largest  amount  of 
pure  material  which  can  be  supplied  for  the  money,  the  necessary 
weight  being  made  ux)  of  diluents  of  some  cheap  but  harmless  sub- 
stance, different  grades  being  distinguished  by  one  firm  as  pure,  extra, 
'No.  1,  and  superior,  none  of  which  are  pure  and  many  of  which  are  mere 
variation  in  labels  with  none  in  quality.  As  examples,  the  fact  that  a 
Kew  York  firm,  it  is  understood,  in  a  short  time  used  and  put  upon  the 
market  in  their  spices  more  than  5,000  pounds  of  cocoanut  shells,  and 
the  following  quotations  from  a  journal  devoted  to  spice  milling  show 
how  universal  and  open  the  custom  has  become.  On  a  prominent  page 
is  found  : 

"All  necessary  information  for  spice  manufacturing  supplied." 

Attention  should  be  paid  to  the  use  of  the  word  manufacturing. 
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Then  the  following  advertisements  appear,  from  which  the  names 
have  been  stricken  out : 


MA^^UFACTUEER   OF 

SPICES,  SPICE  MIXTUBES,  AXD  MUSTARDS, 

181  Street,  X.  Y. 

Goods  made  to  order  for  ^Yllolesale  Grocers  and  Druggists ;  also,  Grinding 
done  for  Jobbers  vrho  pack  their  own  Goods. 

Spice  Mixtures  and  Cayenne  Pepper  a  Specialty. 


17  —  Street,  Xew  York, 

MANUFACTUEER  OF 
ALL  EIXDS  OF  SPICE  2IIX TUBES. 
My  celebrated  brand  of  P.  D.  Pepper  is  superior  to  any  made. 
Samples  sent  on  application.     Goods  shipped  to  all  parts  of  the  United  States.     Spice 
mixtures  a  specialty.     Spices  ground  for  the  trade.     We  are  the  Inventors  of  Suc- 
tion Coolers. 

The  firms  advertising  do  not  hesitate  to  call  themselves  manufact- 
urers instead  ot  millers. 

It  is  eas3'  to  see  how  difficult  it  must  be  to  briug  this  state  of  things 
to  an  end  without  some  governmental  action,  it  being  iuiprobable  that 
by  any  means  of  agreement  among  themselves  the  grinders  of  spices 
could  unite  in  doing  away  with  the  practice,  or  that  any  education  of  the 
masses  will  teach  them  to  refuse  to  purchase  a  ground  spice  at  a  price 
which  is  far  below  that  of  the  uuground  article.  This  alone,  the  rela- 
tion between  the  prices  of  ground  and  unground  spices,  is  often  sufiB- 
cient  to  point  out  the  fact  that  a  ground  spice  must  be  largely  diluted, 
and,  on  the  other  hand,  when  purchasing  from  a  reliable  dealer,  a  slight 
increase  in  cost  over  that  of  the  spice  in  its  original  form  is  fair  evi- 
dence of  the  purity  of  the  x)owder.  Those  who  desire  pure  ground  spices 
can  almost  always  obtain  them  by  paying  their  value.  They  are  by  no 
means  uncommon  in  the  market,  but  as  long  as  there  are  those  who  do 
not  know  that  it  is  for  their  interest  to  buy  the  best,  rather  than  a  cheap 
article  on  account  of  its  low  price,  such  people  must  suffer  or  be  pro- 
tected by  legal  enactments  which  shall  prevent  and  prohibit  the  exist- 
ence of  such  mixtures.  Until  this  is  done  the  supply  of  a  demand  which 
certainly  exists  may  be  considered  to  be,  at  the  least,  justifiable  on  the 
part  of  the  spice  millers,  and  education  of  those  ignorant  of  the  state 
of  the  trade  must  be  the  preliminary  to  legislation  upon  the  subject. 
When  proi^er  legislation  has  found  a  place  on  the  statute-books  the 
manufacturers  will  find  themselves  in  a  position  where,  without  detri- 
ment to  themselves,  they  can  all  unite  in  giving  up  the  practice.    Under 


SPICES    AND    CONDIMENTS.  133 

the  laws  for  the  prevention  of  the  adulteration  of  foods  which  have 
been  in  operation  in  Germany,  England,  France,  Canada,  and  a  few  of 
our  States,  duriug  a  longer  or  shorter  period  of  time,  a  large  share  of 
attention  has  been  given  to  the  adulteration  of  spices  and  condiments 
and  the  means  of  detecting  them.  Fortunately  the  latter  are  not  diffi- 
cult, and  the  results  have  been  an  awakening  of  the  communities  in 
these  countries  to  an  appreciation  of  the  advantages  of  pure  spices 
and  the  placing  of  the  method  of  detection  on  a  more  certain  basis. 

EXPERIENCE   IN  COUNTRIES  HAVING  PUBLIC  ANALYSTS. 

In  England  the  public  mind  had  been  so  far  educated  by  the  publica- 
tions of  private  investigators,  such  as  Hassall,  that  in  1860  laws  were 
l^assed  for  the  prevention  of  the  adulteration  of  food  and  drink.  These 
have  been  modified  and  repealed,  so  that  the  present  law  dates  from 
1875  and  amendments  of  1879.  Unfortunately  there  is  no  Government 
report,  of  which  we  are  aware,  upon  the  results  of  the  scientific  work 
done  by  those  employed  under  the  act,  and  we  are  indebted  to  the  So- 
ciety of  Public  Analysts  for  a  large  portion  of  the  information  which  is 
at  our  disposal  in  regard  to  adulteration  in  England.  We  have  also  in 
the  publications  of  Hassal,  Blyth,  and  Allen  volumes  which  give  the 
most  recent  scientific  data  as  to  the  best  methods  for  the  detection  of 
adulteration,  and  illustrations  of  the  forms  in  which  foreign  matter  oc- 
curs. On  Dr.  Hassall's  work  is  founded  many  of  our  present  methods  of 
examining  foods  microscopically,  and  especially"  spices  and  condiments. 
In  the  Analyst,  the  publication  of  the  Society  of  Public  Analysts,  will 
be  found  among  the  proceedings  of  the  society,  in  papers  of  individ- 
uals, and  in  reports  of  prosecutions,  much  information  in  regard  to  the 
status  of  adulteration  in  England  during  the  last  eleven  years,  includ- 
ing the  material  used  for  adulteration  of  spices  and  the  means  of  de- 
tecting it.  The  lack  of  an  official  publication  of  the  results  of  all  that 
has  been  done  in  regard  to  i)articular  sami^les  and  of  the  methods  em- 
ployed for  their  examination  is,  however,  much  to  be  regretted.  There 
is  the  same  difficulty  in  Germany.  The  law  of  the  Empire  of  1881  })to- 
vides  for  the  prevention  of  the  adulteration  of  the  substances  which  we 
have  under  consideration,  but  no  reports  on  the  execution  of  the  law  or 
of  the  results,  scientific  or  otherwise,  have  been  made  available  to  us. 
Much,  however,  has  been  published  in  the  German  technical  and  scien- 
tific journals  on  the  methods  of  detecting  adulterants,  which  is  of  the 
greatest  value. 

In  France,  the  laboratory  of  the  prefecture  of  police  of  Paris,  which 
has  control  of  the  investigation  of  the  food  supplies  of  that  city,  makes 
an  elaborate  report  annually,  of  which,  however,  but  a  small  portion  is 
devoted  to  spices,  although  they  are  recognized  as  being  largely  adul- 
terated, x)epper,  for  example,  being  mixed  to  an  astonishing  extent 
with  ground  olive  stones.  Other  cities  of  France  have  municipal  lab- 
oratories whose  reports,  if  any  there  are,  have  not  reached  us. 
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In  this  country  Canada  makes  a  much  better  statement  of  the  results 
which  have  followed  the  enforcement  of  the  adulteration -of- food  act  of 
1876  than  is  done  anywhere  else.  The  commissioner  of  inland  revenue 
has  published  annually  for  eight  or  ten  years  a  statement  showing  the 
entire  number  of  samples  analyzed,  the  persons  supplying  them,  and 
their  composition  and  adulterants.  Spices  occupy  a  prominent  position 
in  the  reports,  and  a  collation  of  the  results  of  the  investigations  of  the 
several  public  analysts  is  of  interest.  In  1878,  when  the  reports  first 
become  available  to  us  for  reference,  the  summary  of  the  spices  analyzed 
showed : 


Articles. 


Allspioe... 

Cassia 

Cloves 

Ciunamon 

Ginger 

Mustard... 
Pepper 


XJnadul 
terated. 


Adul- 
terated. 


Per  cent. 

adul- 
terated. 


92.5 
50.0 
83.3 
C6.  6 
61.5 
300.0 
70.0 


This  enormous  amount  of  adulteration,  amounting  to  nearly  a  uni- 
versal custom,  was  followed  in  1879  by  a  similar  report : 


Articles. 


Allspice... 

Cassia 

Cloves  — 
Cinnamon 

Ginger 

Mace 

Mustard  ., 
Pepper 


Unadul- 
terated. 


Adul- 
terated, 


21 


Per  cent. 

adul- 
terated. 


10 

62.5 

1 

9 

56.2 

16 

84.2 

6 

55.5 

1 

16.6 

48.8 


In  1880  there  were  reported  as  the  results  of  the  public  analysts'' 
work: 


Articles. 


Allspice... 

Cloves  

Cinnamon . 
Ginger  — 
Mustard  . 
Pepper 


Unadul- 
terated. 


Adul- 
terated, 


Per  cent. 

adul- 
terated. 


31.6 

45.5 
72.7 
47.1 
100.0 
42.9 


Thiere  is  a  very  slight  improvement  apparent,  but  it  must  be  remem- 
bered that  in  examinations  of  this  description  the  specimens  selected 
are  always  of  a  suspicious  nature,  those  wliich  are  already  known  to  be 
pure  being  omitted,  so  that  year  by  year  the  list  of  brands  which  are 
excluded  from  examination  increases. 
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In  1881  and  the  following  years  results  were  tabulated  as  follows : 


Articles. 

1881. 

1882. 

1883. 

1884. 

1885. 

Gen- 
uine. 

Adui- 
ter 
ated. 

Gen- 
uine. 

Adul- 
ter- 
ated. 

Gen- 
uine. 

Adul- 
ter- 
ated. 

Gen- 
uine. 

Adul- 
ter- 
ated. 

Gen- 
uine. 

Adul- 
ter- 
ated. 

Allspice 

8 
6 

12 
7 
1 
2 
1 

16 

17 

7 

32 
5 

1 
2 

Cloves 

12 

10 

Cinnamon  or  cassia... 
Ginger........ 

7 

16 

37 

29 

Mace 

Mustard 

11 

*39 

Nutmeg 

Pepper 

29 

14 

28 

31 
13 

29 
11 

Cayenne 

Total 

53 

73 

34 

32 

48 

86 

38 

112 

103 

118 

*  Many  labeled  mixtures. 

It  is  seen  that  several  years  after  the  enactment  of  the  law  adultera- 
tion of  spices  is  as  enormous  as  at  first.  This,  however,  seems  to  arise 
largely  from  lack  of  prosecution  aud  non  enforcement  of  the  law.  Of 
the  occurrence  of  adulterants  in  spices,  the  chief  analyst  says,  in  his 
report  for  1885 : 

During  the  year  considerable  attention  was  paid  to  spices  and  condiments.  View- 
ing the  fact  that  in  the  past  a  very  large  amount  of  adulteration  had  been  reported 
as  prevailing  in  these  substances,  and  with  a  view  to  ascertaining  whether  the  adulter- 
ation was  practiced  by  the  manufacturers  or  by  the  dealers,  a  systematic  visitation 
was  made  of  all  the  spice  grinders  in  the  Dominion  (or  of  all  that  could  be  recognized 
as  such),  and  their  factories  and  stores  were  inspected  under  sections  7  and  8  with  the 
results  as  shown  in  the  appendix. 

The  examination  of  nineteen  samples  of  ground  cinnamon  resulted  in  finding  seven 
genuine;  four  to  consist  of  a  substitution  of  cassia;  one  was  adulterated  with  cassia, 
and  six  with  other  inert  matter ;  one  consisted  of  cassia  adulterated  with  foreign 
vegetable  matter. 

Of  ground  cloves,  twenty-two  samples  were  examined.  Twelve  proved  to  be  pure 
and  ten  adulterated,  the  adulterant  chiefly  used  being  clove  stems,  pea-meal,  roasted 
and  ground  cocoanut  shells. 

Of  sixty-six  samples  of  ground  ginger,  twenty-niue  were  reported  as  being  adulter- 
ated, almost  exclusively  with  wheat  flour,  non-injurious  to  health,  doubtless ;  but 
unless  the  purchaser  be  duly  warned  of  the  nature  of  the  compound  his  pocket  would 
be  seriously  prejudiced,  if  not  injured,  as  this  sophistication  was  practiced  to  the 
extent  of  from  10  to  15  to  from  25  to  40  per  cent.,  the  pungency  being  imparted  by  the 
judicious  admixture  of  cayenne  pepper. 

Fifty  samples  of  mustard  were  examined,  and  many  of  these  were  properly  sold  as 
"  compound"  or  mixtures,  but  one  of  the  worst  samples  was  sold  with  a  label  guar- 
anteeing it  to  be  "  ground  from  finest  English  seed,  and  free  from  adulteration."  Of 
the  fifty  samples,  nine  were  reported  genuine,  two  of  excellent  quality,  and  thirty- 
nine  were  all,  more  or  less,  admixtures  of  mustard  seed  or  mustard  cake  (from  which 
the  natural  fixed  oil  had  been  expressed)  with  wheat  flour  and  turmeric,  and,  in  some 
cases,  with  corn-starch  or  bean  meal,  in  varying  proportions,  up  to  as  high  as  50  or 
even  60  per  cent.  It  was  formerly  contended  that  the  addition  of  wheat  flour  or 
other  inert  matter  was  a  necessity,  to  give  the  ground  mustard  keeping  qualities  and 
make  the  condiment  palatable  by  softening  its  natural  acidity.  But  the  most  repu- 
table manufacturers  have  demonstrated  the  fallacy  of  this  contention  by  the  produc- 
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tion  of  an  absolutely  pure  mustard,  whicli  has  received  public  acceptance  and  appre- 
ciation, and  two,  at  least,  of  our  home  manufacturers  are  happily  following  in  their 
steps.  It  is  a  question  yet  to  be  decided  how  far  the  use  of  mustard  cake,  deprived 
of  the  natural  fixed  oil,  is  permissible  in  the  manufacture  of  this  condiment.  Dr. 
Ellis'  observations  on  this  matter  are  very  much  to  the  point,  and  have  received  con- 
firmation by  similar  experiments  in  my  laboratory,  and  doubtless  when  next  the 
analysts  meet  in  conference  this  question  will  be  settled  in  a  manner  favorable  to  the 
use  of  mustard  cake. 

Twenty-four  samples  of  cayenne  pepper  were  examined,  of  which  fourteen  were 
reported  adulterated,  but  three  cf  these  were  appealed  to  the  judgment  of  the  chief 
analyst,  and  the  decision  of  the  public  analysts  was  not  sustained,  as  will  be  seen  on 
reference  to  "appeal  cases."  The  remaining  ten  were  reported  adulterated  with 
wheat  flour  and  colored  earth,  in  one  case  to  the  extent  of  50  per  cent.  The  other 
ten  samples  were  reported  unadulterated,  save  one,  which  was  doubtful,  it  apparently 
having  been  artificially  dressed  with  a  fixed  oil. 

Sixty  samples  of  ground  pepper,  black  and  white,  were  examined,  of  which  thirty- 
one  are  reported  as  unadulterated,  one  doubtful,  and  twenty-eight  all  more  or  less 
adulterated — the  generality  of  them  to  the  extent  of  from  10  per  cent,  to  20  per  cent., 
but  the  more  flagrant  cases  from  30  up  to  even  75  per  cent,  in  one  case.  The  adulter- 
ant is  chiefly  farinaceous  matter,  also  mustard  husk,  pepper  hulls,  clay,  sand,  and, 
not  the  least  conspicuous,  ground  cocoanut  shells — doubtless  an  innocent  admixture,  so 
far  as  health  is  concerned,  but  decidedly  not  a  material  of  a  character  to  improve  the 
flavor  or  value  of  the  pepper  as  a  condiment. 

As  stated,  these  samples  of  spices  were  all  obtained  from  either  the  actual  producer 
or  wholesale  distributers  ;  and  the  results  prove  that  whether  or  not  the  retail  vender 
still  further  'improves  "  his  spices,  &c.,  before  retailing  them,  his  demand  for  a 
cheap,  adulterated  article  is  amply  provided  for  by  the  manufacturing  dealer. 

For  the  most  part,  the  producers  of  these  sophisticated  goods  expressed  themselves 
anxious  for  the  enforcement  of  the  law,  that,  if  sold,  they  should  be  distinctly  labeled 
as  impure.  Some,  on  the  other  hand,  contended  that  the  public  was  benefited  by  a 
slight  admixture — that  a  really  better  article  could  be  supplied  at  a  lower  price  if 
the  finest  and  freshest  spices  were  ground  with  an  admixture  of  inert  matter,  than  a 
thoroughly  pure  article,  but  ground  from  old  or  perished  spices — a  specious  conten- 
tion, utterly  untenable  in  the  true  interests  of  the  public. 

But  have  not  the  producers  of  these  sophistications  some  justification  ;  is  not  the 
supply  of  a  demand  which,  undoubtedly,  has  existed,  a  justifiable  enterprise,  what- 
ever that  demand  may  be,  so  long  as  it  is  within  the  law  ?  Ignorance  does,  undoubt- 
edly, demand  cheapness,  and  a  demand  thus  ignorantly  made  is  only  too  surely  sup- 
plied, and  hence  the  need  for  costly  legislation  to  protect  an  ignorant  and  thoughtless 
public  against  itself,  for  it  does  demand  the  very  goods  which  the  analyst  must  con. 
demn  and  the  vender  be  prosecuted  and  fined  for  selling,  whereas  the  public's  reck- 
less ignorance  is  the  chief  cause,  and  should  suffer  some  measure  of  the  penalty.  It 
is  time  that  through  the  operation  of  this  act  such  ignorance  should  be  cleared  away, 
and  the  public  be  enlightened  and  awakened  to  its  own  true  interests. 

These  remarks  apply  equally  well  to  much  of  the  spices  sold  in  the 
United  States.  Massachusetts,  New  York,  New  Jersey,  and  Michigan 
alone  have  laws*  of  any  value  in  regard  to  the  adulteration  of  food,  and 
it  is  easy  to  see  in  what  condition  the  spices  and  condiments  sold  in 
other  parts  of  the  country  must  be.  In  Massachusetts,  where  investi- 
gations under  the  law  have  been  going  on  since  1882,  it  has  been  shown, 
as  in  other  localities,  that  the  adulterants  of  spices  are  numerous  but 
harmless.    Dr.  Sharpless,  in  his  report  of  1882  upon  the  subject,  remarks, 

*  See  Appendix. 
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that  he  agrees  with  the  opinion  expressed  by  Dr.  Leeds,  of  New  Jersey, 
in  his  report  of  1880  to  the  New  Jersey  State  board  of  healtii,  that 
tliere  has  been  much  sensational  writiug  upon  the  subject.  This  is  per- 
haps the  case  with  some  few  writers  of  that  stamp,  but  it  can  have  done 
no  harm,  for  it  has  not  produced  sufScient  effect  upon  the  public  to  ere. 
ate  a  demand  for  any  purer  spices,  as  appears  from  the  figures  of  Dr. 
E.  S.  Wood  in  1882,  who  reports  in  regard  to  the  samples  he  examined 
as  analyst  of  foods  for  Massachusetts  : 


Articles. 

Genuine. 

Adulter- 
ated. 

Per  cent, 
adulter- 
ated. 

Black  pepper 

White  pepper 

Red  pepper 

20 
13 
5 

29 
0 
0 
2 

1 

44 
31 

68.75 
70.45 

.    47 
11 
2 

61.84 
100.  00 
lOO.  00 

Ground  cloves 

Cassia 

Pimento 

Ginger 

This  is  nearly  as  serious  a  condition  as  was  found  in  Canada,  but  again, 
in  1885,  Dr.  Wood  reports : 


Articles. 

Genuine. 

Adulter- 
ated. 

Com- 
pounds. 

Per  cent, 
adulter- 
ated. 

Mustard              

31 
15 
48 
55 
30 
9 
6 
21 

37 
76 
26 
17 
8 
9 
19 
39 

20 

64.8 
83.5 
36.0 
23.6 
21.1 
50.0 
78.6 
65.0 

Cassia  and  cinnamon.. 
Gino'er        

1 

Black  pepper     ..... 

3 

The  above  is  little  or  no  improvement.  He  found  the  common  adul- 
terants of  mustard  to  be  flour,  turmeric,  and  sometimes  a  little  cayenne. 
Cloves  suffered  from  extraction  of  the  volatile  oil  and  the  addition  of 
clove  stems,  allspice,  burnt  shells,  and  other  cheap  substances.  Cassia 
contained  ground  shells  and  crackers  ,•  ginger  was  in  many  cases  col- 
ored, and  in  some  instances  wheat  and  corn  flour  and  clove  stems  were 
present.  Allspice  is  too  cheap  to  be  often  adulterated,  but  in  eight 
samples  mustard  hulls,  iiDund  shells,  clove  stems,  and  cracker  dust 
were  found.  In  mace,  flour  aud  cornmeal  were  diluents,  and  for  the 
peppers,  crackers,  mustard  hulls,  pepper  dirt,  powdered  charcoal,  rice, 
corn,  and  buckwheat. 

Under  the  Kew  York  law  of  1881,  Prof.  S.  A.  Lattimore  investigated 
a  number  of  spices  and  spice  mixtures  submitted  to  him. 

Professor  Lattimore's  report  furnishes  abundant  proof  in  support  of 
the  common  impression  regarding  the  adulteration  of  spices. 
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On  the  results  of  his  examination  of  the  commercial  ground  spices 
he  comments,  after  giving  the  proportions  which  were  found  adulter- 
ated, in  these  words: 


Articles. 

Samples 
examined. 

Adulter- 
ated. 

Percentage 
of  ad  alter- 
ation. 

Mustard 

18 
15 
27 
22 

7 
21 

40 
7 

10 
8 
5 

12 

9 

19 

18 
4 
16 

28 
5 
5 
4 
2 

66.6 
60.0 
70.4 
81.8 
57.1 
76.2 

70.0 
71.4 
50.0 
50.0 
40.0 

Allspice     

Cimiaiiioii. . > . • .  .  .. 

Cloves 

^ntack 

"VVhite    

Red 

Mace                    

NuttnesT     .   ......... 

As  the  above  table  shows,  a  large  proportion  of  them  are  adulterated,  and.  that  with 
substances  presenting  a  certain  uniformity.  The  spices  present  an  inviting  field,  for 
the  exercise  of  fraudulent  arts.  They  are  almost  universally  sold  in  the  form  of  fine 
powder  and  in  opaque  packages,  which  do  not  admit  of  easy  examination  on  the  part 
of  the  purchaser.  Consequently  any  cheap  substance  which  may  be  easily  pulver- 
ized to  a  similar  degree  of  fineness,  and  which  possesses  little  distinctive  taste  or  odor 
of  its  own,  answers  the  purpose  ;  so  that  the  list  of  adulterants  for  this  class  of  ar- 
ticles is  naturally  very  large.  The  adulterations  found  in  the  samples  now  under 
consideration  may  be  classed  into  four  groups.  First,  integuments  of  grains  of  seeds, 
such  as  bran  of  wheat  and  buckwheat,  hulls  of  mustard  seed,  flax  seed,  &c.  Second, 
farinaceous  substances  of  low  price,  such  as  are  damaged  by  the  accidents  of  trans- 
portation or  long  storage — such  as  middlings  of  various  kinds,  corn-meal,  and  stale 
ship's  bread.  Third,  leguminous  seeds,  as  peas  and  beans,  which  contribute  largely 
to  the  profit  of  the  spice  mixer.  Fourth,  various  articles  chosen  with  reference  to 
their  suitableness  for  bringing  up  the  mixture  as  nearly  as  possible  to  the  required 
standard  of  color  of  the  genuine  article.  Various  shades,  from  light  colors  to  dark 
browns,  may  be  obtained  by  the  skillful  roasting  of  farinaceous  and  leguminous  sub- 
stances. A  little  turmeric  goes  a  great  way  in  imparting  the  rich  yellow  hue  of  real 
mustard  to  a  pale  counterfeit  of  wheat  flour  and  terra  alba,  or  the  defective  paleness 
of  artificial  black  pepi^er  is  brought  up  to  the  desired  tone  by  the  judicious  sifting  in 
of  a  little  finely  pulverized  charcoal.  Enough  has  been  already  given  to  show  that 
the  field  for  sophistications  of  this  sort  is  a  wide  one,  and  offers  large  scope  for  the 
development  of  inventive  genius;  so  that  each  manufacturer  of  articles  of  this  class 
would  be  likely  to  possess  his  own  trade  secrets.  It  will  be  observed  that  the  adul- 
terating materials  just  mentioned  all  belong  to  the  class  claimed  to  be  harmless.  In 
no  instance  has  any  poisonous  substance  been  discovered.  The  proportion  of  foreign 
and  genuine  substances  in  the  spices  varies  between  wide  limits,  in  some  instances 
the  former  being  slight;  in  others,  the  latter  seemingly  present  in  just  sufficient 
quantity  to  impart  faintly  the  requisite  taste  or  odor.  Even  this  small  proportion  of  the 
professed  article  is  occasionally  further  diminished  by  the  substitution  of  other  sub- 
stances ;  as,  for  example,  in  imparting  to  corn-meal  finely  ground  a  pungency  sug- 
gested by  real  ginger  by  the  addition  of  a  little  salt  and  red  jiepper. 

It  is  probably  not  so  widely  known  as  it  should  be  that  the  demand  for  the  mate- 
rials for  adulteration  has  called  into  existence  a  branch  of  manufacturing  industry  of 
no  insignificant  magnitude,  having  for  its  sole  object  the  productionof  articles  known 
as  "spice  mixtures"  or  "pepper  dust."  The  use  of  "  pepper  dust,"  or,  as  the  article 
is  commonly  designated  in  the  technical  language  of  the  trade  by  its  abbreviation 
"  P.  D.,"  is  a  venerable  fraud. 
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The  manufacture  of  ^'P.  D."  is  now  a  regular  branch  of  business,  and  the  original 
and  specific  term  ''  pepper  dust"  has  expanded  with  the  progress  of  inventive  arc  to 
generic  proportions,  until  now  we  have  as  well-known  articles  sold  by  the  barrel 
"P.  D.  pepper,"  "  P.  D.  ginger,"  "P.  D.  cloves,"  and  so  on  through  the  whole  aromatic 
list.  When  it  is  considered  that  these  imitations,  lackiug  only  such  flavoring  with 
the  genuine  article  as  the  dealer  thinks  necessary  to  make  his  goods  sell,  are  sold  at 
from  three  to  four  cents  a  pound,  and  the  retail  price  paid  by  the  consumer  is  com- 
pared with  it,  the  strength  of  the  temptation  to  engage  in  such  practices  is  clearly 
seen.  When  manufacturers  openly  advertise  themselves  as  assorters  and  renovators 
of  merchanc^se,  and  openly  propose  to  cleanse  musty  and  damaged  beans  by  a  new 
and  patented  process,  it  is  full  time  that  its  significance  should  be  considered  by  the 
public. 

From  the  investigations,  which  have  been  quoted,  it  appears  that  the 
adulterants  which  are  met  with  in  this  country  are  very  numerous. 
Under  the  head  of  spice  mixtures,  or  '^  P.  D.,"  much  refuse  of  all  descrip- 
tions is  used  up,  and  there  are  such  changes  in  the  character  of  the  ma- 
terial from  time  to  time  as  the  sources  of  damaged  material  or  refuse 
at  hand  may  suggest.  The  diluents  used  in  Baltimore  and  in  the  Dis- 
trict of  Columbia  seem  to  be  different  from  those  in  New  York,  and,  in 
consequence,  some  of  the  adulterants  which  are  mentioned  most  com- 
monly in  the  reports  from  the  North  are  not  found  in  the  spices  of 
southern  millers.  While  it  is  possible,  therefore,  to  give  a  list  of  sub- 
stances which  have  been  used  as  adulterants,  it  is  quite  out  of  the  ques- 
tion to  say  in  what  directions  the  ingenuity  of  spice-mixers  will  extend 
in  the  future.  The  following  contaminations  in  the  various  spices  have 
been  already  noted  in  this  country : 


Spices. 

Adulterants. 

Spent  cloves,  clove  stems,  cracker  dust,  ground  shells  or  cbarcoal, 

mineral  color  yellow  corn. 
Rice  flour,  salt  and  ship-stuff,    yellow  corn,  turmeric,  and  mineral 

red. 
Ground  shells  and  crackers,  turmeric,  minerals. 
Cas.'^ia,  T^eas,  sh\Tch,mustardhulls,  turineric,  minerals,  cracker  dust, 

hurnt  shells  or  charcoal. 
Spent  cloves,  clove  stems,  minerals,  allspice,  roasted  shells,  wheat  flour, 

peas. 
Cereals, turmeric,  mustard  htclls,  cayenne,  peas.    . 
Cereals  or  starch,  buckwheat,  wild  mace. 
Cereals  or  starch,  wild  nutmeg. 
Be/use  of  all  sort^,  pepper  dust,  around  crackers,  or  ship  stuff;  rice, 

mustard  hulls,  charcoal,  cocoanut  sheUs,  cayenne,   beans,   bran, 

yellow  corn. 
Cereals  and  starch,  turmeric,  peas,  yellow  corn  meal,  ginger,  gypsum. 

Cayenne  

Cassia 

Cinnamon 

Cloves  

Mace 

Nutmecf 

Mustard 

The  materials  in  italics  have  been  identified  in  spices  examined  in  the 
laboratory  of  this  division,  but  some  of  the  commoner  adulterants  have 
not  been  found.  Considering  the  spices  individually,  there  are  certain 
peculiarities,  as  they  are  met  with  \}\xvq  and  in  the  trade,  which  should 
not  be  overlooked. 

MUSTARD. 

Mustard,  as  sold  in  the  ground  state,  should  be  the  farina  or  flour  of 
the  black  or  white  mustard  seed — that  is  to  say,  the  flour  from  the  in- 
terior of  the  seed  bolted  or  separated  from  the  hulls.    The  two  kinds  of 
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seed,  although  derived  from  plants  of  the  same  genus,  are  somewhat 
different  in  their  chemical  comix)sition.  The  black  seed  is  much  the 
most  j)ungent,  and  develops,  on  mixing  with  water,  a  vohitile  oil,  which 
gives  this  condiment  its  penetrating  character.  There  is  also  present 
in  the  seed  a  complicated  organic  substance  of  a  bitter  nature,  to  which 
is  due  some  of  the  peculiar  flavor,  and  while  the  white  seed  forms  no 
volatile  oil  with  water,  it  contains  more  of  the  bitter  substance.  It  is, 
therefore,  very  common  to  mix  the  two  in  grinding.  The  sources  of  the 
seed  are  various.  In  our  markets  at  present  there  are  quoted  Califor- 
nia black  and  white,  Dutch,  Trieste  black,  and  Euglish — the  last  being 
the  most  valuable. 

In  the  manufacture  of  the  seed  into  flour  for  the  market,  two  customs 
have  arisen  which  change  the  nature  of  the  original  substance,  and  there- 
fore would  commonly  come  under  the  head  of  adulteration.  One  is  ex- 
tremely old,  the  addition  of  wheat  flour  for  the  purpose  of  making  the 
condiment  keep  better.  This  necessitates  the  restoration  of  the  yellow 
color  by  turmeric,  or  other  dye-stuff.  These  diluents  are  harmless  as  a 
rule,  but  there  seems  to  be  no  reasons  for  their  use,  and  it  is  gradually 
becoming  commoner  to  find  mustard  free  from  them  in  English  brands. 

The  other  custom  is  the  abstraction  of  the  fixed  oil  by  pressure  before 
grinding  the  seed.  The  percentage  of  this  oil  is  over  30.  It  adds  nothing 
to  the  flavor  of  the  mustard,  probably  injures  its  keeping  qualities,  makes 
the  seed  more  difficult  to  mill,  and  its  removal  is  therefore  a  benefit.  It 
is  a  nearly  universal  custom  at  the  present  day  in  this  country,  and  is 
not  considered  as  fraudulent  by  the  Canadian  analysts. 

Falsifications  of  mustard  other  than  those  mentioned  are  not  common, 
although  gypsum  has  been  found  in  low-grade  mustard  and  several 
other  adulterants,  among  them  ginger  of  low  grade.  The  hulls  bolted 
from  the  flour  in  the  process  of  manufacture  are  preserved  and  form  the 
basis  of  the  adulteration  of  many  other  spices. 

PEPPER,   BLACK  AND  WHITE. 

Pepper  is  more  in  demand  than  any  other  spice,  and  in  consequence 
is  more  adulterated.  Its  appearance  in  the  ground  form,  especially  of 
the  black,  is  such  as  to  make  it  possible  to  use  all  sorts  of  refuse  for  this 
purpose,  and  almost  everything  that  has  been  used  as  an  adulterant 
has  been  found  in  pepper.  White  pepper,  which  is  simply  the  black 
deprived  of  its  outer  black  coats,  is,  of  course,  less  easily  falsified ;  but  in 
France  is  diluted  to  an  immense  extent  with  ground  olive  stones,  which 
bear  a  striking  resemblance.  Among  the  samples  from  Washington 
grocers,  pepper  sweepings — that  is,  husks  and  dirt — rice  or  corn,  and 
mustard-hulls  were  the  commonest  admixtures.  Sand  is  said  to  be 
very  commonly  added  abroad,  but  has  not  been  met  with  here.  In  Can- 
ada and  New  York  ground  cocoanut-shells  are  a  cheap  source  of  adul- 
teration, but  they  have  not  extended  so  far  south. 
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Specimens  from  Baltimore  mills  of  very  low-quality  goods  were  found 
to  contain  but  little  pepper,  and  that  of  the  worst  quality,  being  made 
up  of  cracker  dust,  yellow  corn,  cayenne,  and  charcoal  in  so  disgraceful 
a  way  as  to  be  visible  to  the  unassisted  eye  on  close  examination. 

The  quality  of  a  ground  pepper  can  be  told  by  an  expert  from  its 
weight  and  color,  and  on  examination  with  a  lens  of  low  magnifying 
power.  The  particles  are  not  coarsely  ground,  and  it  is  not  difficult  to 
pick  out  pieces  of  husk,  yellow  corn,  and  rice,  and,  if  necessary,  a  more 
careful  investigation  under  a  microscope  of  higher  power  will  serve  for 
confirmation.  Black  pepper,  in  our  experience,  is  much  more  liable 
to  adulteration  than  white,  although  it  is  perfectly  easy  to  dilute  the 
latter  with  broken  rice  or  cracker  dust,  which  are  inexpensive.  All 
these  materials,  fortunately,  owing  to  the  grossness  of  the  adulteration, 
are  readily  recognized,  and  there  is  hardly  the  necessity  for  recourse  to 
chemical  analysis.  There  has  been,  however,  considerable  investiga- 
tion in  this  direction,  so  that  there  are  means  of  confirming  the  optical 
examination  which  are  of  great  value.  Determination  of  the  amount 
of  starch  is  one  of  the  methods  upon  which  some  reliance  can  be  placed ; 
for,  if  under  the  microscope  foreign  starch  is  not  detected,  then  the  ad- 
dition of  "  P.  D."  or  other  starch  free  adulterants,  will  diminish  the  per- 
centage found,  and  the  reverse.  In  this  way,  too,  one  is  able  to  arrive 
at  an  approximate  conclusion  as  to  the  proportion  of  adulterants  added, 
which  can  only  be  estimated  within  wide  limits  under  the  microscope. 

In  spite  of  the  immense  amount  of  adulteration,  it  is  possible,  from 
the  best  shops,  to  obtain  pure  ground  peppers,  but  it  is  at  the  same 
time  safer  with  a  family  spice-mill  to  grind  the  whole  berries  as  they 
are  needed.  The  sources  of  our  i)epper  supply  are  Tellicherry  on  the 
west  coast  of  Hindostan,  which  is  graded  high,  and  Penang  and  Sing- 
ai)ore  for  the  east,  Sumatra,  Java,  &c.  The  importations  are  princi- 
pally through  Loudon,  and  not  direct.  The  supply  of  ground  pepper 
from  England  will  usually  be  found  more  pure  than  our  own  brands, 
and  at  the  same  time  is  naturally  more  expensive. 

CAYENNE   OR  RED   PEPPER. 

This  condiment  should  consist  of  the  ground  pods  of  any  of  several 
species  of  Capsicum.,  known  as  chilies  or  peppers.  It  is  said  to  have  been 
adulterated  with  many  substances,  brick  dust,  red  lead,  and  coloring 
matters 5  but  this  has  only  been  found  to  be  the  case  in  two  cheap  Balti- 
more cayennes,  while  in  Washington  only  rice  has  been  detected,  but 
that  quite  frequently.  Inferior  material  is  no  doubt  often  ground,  but 
the  small  value  of  the  pods  and  the  small  quantity  consumed  does  not 
tend  to  increase  adulteration. 

GINGER. 

Ginger  is  the  root,  or,  technically,  rhizome,  of  a  plant  somewhat  similar 
in  appearance  to  our  iris  and  flag.  It  is  grown  in  various  parts  of  the 
world  and  prepared  with  great  care  and  great  carelessness,  being  at 
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times  scraped  and  bleached,  at  others  simply  dried  in  any  condition,  so 
that  there  is  an  immense  number  of  varieties  and  qualities  to  be  found 
in  the  market.  They  all,  however,  retain  sufficiently  the  marked  pecu- 
liarities of  the  starchy  fibrous  root  to  make  the  detection  of  adulterants 
easy.  The  common  ones  are  the  addition  of  wheat  flour  or  some  starch 
as  a  diluent,  the  coloring  with  turmeric  to  suit  a  popular  fancy  for 
gingerbread  or  of  spent  material  which  has  been  used  in  making 
tincture.  Mustard  hulls  and  cayenne  are  also  found  in  some  cases,  but 
have  seldom  been  detected  here.  They  are  added  to  give  pungency 
and  make  up  for  the  addition  of  flour.  Their  detection  is  easy.  The 
sources  of  our  supply  are  Jamaica  and  the  West  Indies,  Cochin  China,, 
Africa  and  India.    Jamaica  is  the  best  and  most  carefully  prepared.. 

CLOVES. 

The  flower  buds  of  the  clove  tree  carefully  picked  and  dried  consti- 
tute the  spice  known  by  that  name.  Their  valuable  properties  are  due 
to  the  volatile  oil  which  they  contain,  the  best  having  as  much  as  16 
per  cent. 

The  removal  of  this  oil  is  so  very  easy  that  it  is  the  commonest  method 
of  deception  to  do  so  before  grinding  the  spice  and  to  then  dispose  of 
it  as  pure.  We  have  ready  means  of  determining  the  loss  chemically, 
but  the  microscope  gives  no  indications.  The  addition  of  the  cheaper 
clove  stems  is  also  practiced,  as  they  cost  but  6  cents  when  the  buds 
cost  27.  The  microscope  reveals  their  i)resence  by  certain  cells  which 
they  contain  which  are  absent  in  the  buds. 

Pimento  is  sometimes  substituted  in  part  or  entirely,  as  it  has  a  clove- 
like flavor  but  only  4  or  5  per  cent,  of  volatile  oil.  It  is  worth  less  than 
one- fifth  the  price  of  cloves.  Its  chemical  composition  and  its  struct- 
ure, that  of  a  berry,  reveals  its  presence.  The  addition  of  the  coarser 
adulterants,  mineral  matter,  cocoauut  shells,  flour,  ijeas,  and  the  ]ike» 
have  only  been  observed  in  two  instances,  but  no  doubt  frequently 
occur,  as  has  been  found  in  Canada. 

The  sources  of  our  supply  are  the  East  Indies  (Amboyna),  African 
(Zanzibar),  and  American,  ranking  in  value  iu  the  order  nanied.  Cloves 
should,  if  possible,  be  always  purchased  whole,  as  they  deteriorate  less 
readily  in  that  form. 

CINNAMON  AND   CASSIA. 

These  spices  are  the  barks  of  several  species  of  the  genus  Ginna- 
monuMj  the  true  cinnamon  being  a  native  of  Ceylon,  where  it  is  largely 
cultivated,  and  the  cassias  being  derived  from  several  other  species 
growing  in  China,  India,  and  the  East  Indies.  Cinnamon  as  it  reaches 
the  market  is  very  thin,  the  outer  and  inner  coats  of  the  bark  having 
been  removed.  Cassia  on  the  other  hand  is  thick,  as  it  consists  of  the 
entire  bark  and  can  be  distinguislied  by  its  retaining  its  natural  outer 
surface.  Cinnamon  is  by  far  more  valuable  than  the  cassia,  as  there 
is  a  smaller  supply  and  intrinsically  it  contains  a  much  greater  proper- 
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tion  of  volatile  oil  and  that  of  higher  and  more  delicate  aroma.  In  con- 
sequence cassia  is  largely  substituted  for  cinnamon,  and  in  fact  not  a 
particle  of  ground  cinnamon  can  be  found  in  the  market.  It  can  be 
found  in  the  whole  condition  in  good  quality  only  in  drug  stores.  Cas- 
sia exists  in  many  forms  and  qualities,  and  sells  at  wholesale  at  from  7 
to  40  cents  a  pound.  That  known  as  Saigon  is  the  best,  and  that  ex- 
ported from  Batavia  the  poorest.  Cassia  buds  also  hold  a  small  place 
in  the  market. 

The  detection  of  the  substitution  of  cassia  for  cinnamon,  since  thei 
barks  are  of  trees  of  the  same  species,  is  more  difficult  than  is  usually 
the  case  and  may  prove  troublesome  to  a  novice.  The  presence  of  more^ 
woody  fiber  in  the  latter  with  the  aid  of  chemical  analysis  serves,  how- 
ever, as  a  reliable  distinction.  In  the  samples  which  have  come  into- 
our  hands  not  a  particle  of  material  labeled  ground  cinnamon  proved! 
to  be  anything  other  than  cassia.  The  spice  millers  appeared,  however,, 
to  be  satisfied  to  stop  at  this  point  and  in  only  one  case  was  there  ad- 
dition of  cheap  stuff  to  the  cassia.  When  added  there  is  no  difficulty 
in  detecting  it  as  has  been  done  here  and  in  Canada,  where  peas,  starch, 
ground  shells,  and  crackers  have  been  found  in  powder  labeled  both 
cassia  and  cinnamon. 

The  barks  can,  in  most  cases,  and  especially  the  cinnamon,  be  used 
nearly  as  well  in  the  whole  condition  and  should  at  least  be  so  pur- 
chased and  then  ground.  A  slight  acquaintance  with  the  appearance 
of  the  different  qualities  will  teach  one  the  proper  selection  to  make 

NUTMEG  AND  MACE. 

These  spices  are  different  portions  of  the  fruit  of  a  tree  known  as  the 
nutmeg  tree,  Myristica  fragranSy  the  nutmeg  being  the  inner  kernel  and 
the  mace  one  of  the  outer  coats  or  arillus.  The  tree  grows  principally 
on  the  Banda  Islands  and  the  spices  reach  us  through  London.  They 
can  always  be  obtained  in  their  original  condition  and  should  be  sa 
purchased.  When  ground  they  are  mixed  with  diluents  of  various  de- 
scriptions, principally  cereals  and  their  refuse,  wh  ch  are  easily  detected. 

Owing  to  the  infrequency  of  the  sale  of  the  powdered  nutmeg,  and 
mace,  their  adulteration  has  attracted  but  little  attention. 

SOURCES   OF   OUR   SPICE   SUPPLY. 

Although  the  countries  where  the  spices  are  grown  have  been  al- 
ready given  in  a  general  way  and  in  a  later  chapter  will  be  given  more 
in  detail,  these  countries,  in  many  instances,  are  not  the  direct  sources 
of  our  supplies.  For  instance,  of  the  pepper  imported  in  the  fiscal  year 
ending  June  30,  1886,  amounting  to  nearly  12,000,000  pounds,  over 
8,000,000  came  to  us  from  England,  and  about  3,000,000  from  the  British 
East  Indies,  including  the  ports  of  Singapore  and  Penang.  In  regard 
to  the  other  spices  data  are  found  in  the  annual  statement  of  the  Bureau 
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of  Statistics  of  the  Treasury  Department  and  in  some  additional  tables 
furnished  to  this  office  by  the  Bureau,  which  are  here  given: 

Imports  of  unground  spices,  free  of  duty,  for  the  year  ending  June  30,  1886. 


Coontries  from  wliicli  imported. 

N'utmegs. 

Pepper. 

All  other. 

Quantity. 

Value. 

Quantity. 

Value. 

Quantity.  |    Value. 

Pounds. 

Pounds. 

Pounds. 

2,128 

$225 

IJra'zil           

194 

$32 

Central  American  States : 

Costa  Rica ...... 

12 

1 

.... 

Nicaragua  . .. ............ 

Chili      

5,905 
344,  552 

498 
45,  808 

China 

11,825 

$3,  982 

257,  402 

21,  737 

Danish  West  Indies ' 

Grt  enhmd,  Iceland,  and  the  Faroe 
Islands 

French  West  Indies 

300 

120 

French  Guiana  -          .          ...... 

Miquelon,  Langley,  and  Saint  Pierre 

French  Possessions  in  Africa  and 
adjacent  islands 

French  Possessions  all  other .. 

(xermanv                    .. 

4,740 
247,  83<) 

2,293 
98,412 

16, 831 
2,  OOJ,  255 

1,832 
176,  535 

Eufrland              

8,  214,  037 

1, 157,  264 

Sco^tland 

Gibraltar 

Nova  Scotia,  New  BrunsTvick,  and 
Prince  Edward  Island 



QuebfC,  Ontario,  Manitoba,  and  the 
Nortliwest  Territory 

1,465 

338 

740 

35 

Newfoundland  and  Labrador  . ... 

British  West  Indies 

3,344 

889 

480 

9 

3,  017,  943 

146,  880 

British  Guiana 

British  -htonduras 

British  East  Indies  - .   ..   ... 

464,  802 

179, 109 

2,  927,  472 

403  090        1   00(i.  938 

66,  536 
91  650 

1,  089,  089 
1,  563,  073 

British  Possessions  in  Africa  and 

11,984 

1,042 

59  101 

840 

66 

fla waiian  Islands 

Jffayti 

Itaiv 

Liberia                ...     .......... .. 

4,233, 

907 

31,038 

296 

.      50 
210,635 

37 
83  412 

48,  255 

7,528 

100 

Netherlands            .     ..-., ... 

7  292 

Dutch  West  Indies 



245,912 

90,  065  1             3,  261 

300 

817,  756 

35  618 

Peru                 

Portugcal 

Aznre,   Madeira,  and  Cape  Verde 
Islands 

Portuguese  Possessions  in  Africa 



isi 

856 
101,338 

36 

Cuba        

241 

Porto  Rico 

4,302 

Sweden  and  Norway     .  ..       ....... 

Turkey  in  Europe 

Venezuela.......   ..   . 

1,160 

89 

All   other  countries  and  ports   in 
Asia 

All  other  countries  and   ports  in 
Africa 

283,  062 

28, 154  1        851,  307 

66  624 

Total 

1, 189,  507 

458,  379 

11  843, 453    1    644  383      10.767.211 

678  936 
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Imports  of  ground  spiceSy  dutiahle,  for  the  year  ending  June  30, 1886. 


Countries  from  wMch  im- 
ported. 

Quantity. 

Value. 

Countries  from  -which  im- 
poited. 

Quantity. 

Value. 

Pounds. 

British  East  Indies 

Pounds. 

991 

$225 

114 

$8 

British  Possessions  in  Africa 

Brazil 

Central  American  States : 
Costa  Rica 

British  Possessions  in  Aus- 

Guatemala 

British  Possessions,  all  other. 
Greece 

Honduras        < . 

Nicarao'ua 

Hawaiian  Islands 

Hayti 

Chili     

Italy 

22 

2 

China 

1 
50 

1 

8 

Japan  

Liberia 

Danish  West  Indies 

Mexico       

448 
3,312 

72 

246 

Faroe  Islands 

Dutch  West  Indies 

3,028 

913 

Dutch  East  Indies 

French  West  Indies 

Peru 

French  Guiana    

Azores,  Madeira,  and  Cape 

Miquelon,  Langley,  and  Saint 
Pierre  Island 

Eussia  on    the   Baltic   and 
White  Seas 

1,101 

93 

and  adjacent  islands 

San  Domingo        ....     . .   . 

French  Possessions,  all  other 

55g' 

644,  022 

ios' 

164,  687 

Spain .... 

35,  442 
2,734 

3,087 
351 

Cuba 

Scotland 

Ireland 

1,758 

611 

Sweden  and  Norway          .... 

" 

Gibral  rar . .'. 

Nova  Scotia  New  Brunswick 

5 
115 

1 
15 

Xurkev  in  Europe        .  . 

and  Prince  Edward  Island. . 

Turkey  in  Asia 

Quebec,    Ontario,   Manitoba, 

United  States  of  Colombia 

torv                      . 

Venezuela . . 

British  Columbia 

All  other  countries  and  ports 
in  Africa  ...  .     ...... 

Newfourdland  and  Labrador 

"Rri+iah  Wpat   TnrlipQ 

Total 

British  Guiana 

C93,  699 

170,  423 

Statement  shou'ing,!)]/  customs  districts  and  j^orfs  the  quantities  and  values  of  spices  im- 
ported and  entered  for  consumption  in  the  United  States  during  the  year  ending  June  30, 
1886. 

FREE  OF  DUTY. 


f         Customs  districts  and  ports. 

Cassia  buds. 

Cassia,  cassia  vera. 

Cinnamon,  and 
chips  of 

Quantity. 

Value. 

Quantity. 

Value. 

Quantity. 

Value. 

Pounds. 

Pounds. 

Pounds. 



12, 127 

$824. 00 

TToTT  "Woof    Ti'la. 

2 

.50 

New  York,  N.  Y 

232, 718 

$14,496 

1, 838, 649 

114, 681 

64,  555 

10,  274. 00 

Os wegatchie,  N.  Y 

Philadelphia,  Pa 

5,313 

566 

12,  451 

978 

2,243 

387.  00 

WiUamette,Oreg...., 

Total , 

238,  031 

15,  062 

1,  851, 100 

115,  659 

78,  927 

11, 485.  50 

22823-^.Bull.  13,  pt,  2. 
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Statement  showing,  by  customs  districts  and  ports,  the  quantities  and  values  of  spices  im- 
ported and  entered  for  consumption,  ^c— Continued, 

TREE  OF  DUTY. 


Customs  districts  and  ports. 

Cloves. 

Clove  stem. 

Ginger  root. 

Quantity. 

Value. 

Quantity. 

Value. 

Quantity. 

Value. 

Pounds. 

Pounds. 

Pounds. 

11,098 

20, 708 

$1,  500.  00 
2,  632. 00 

88,  214 
954,  716 

$4,  961.  00 

30, 000 

$675.  00 

38,  664.  00 

6,606 
3,931 

1,011.00 
601.  00 

95 

1.00 

Detroit  Mich      

742 

35.00 

Galveston    Tex               .  . 

Key  West  Fla    

30 

6.20 

TVTinnp.^ntn,    Miim 

New  York,  N.Y 

Oregon   Oreff                         -  ..•..• 

1,  234,  576 

14.5,  634.  00 

266, 127 

5,  057.  00 

3, 192,  245 
420 

174, 178.  Ofl 
4.00 

Osweo-atch  e   K  Y 

Paso  del  Norte  Tex 

Philadelphia  Pa 

13,  091 

1,  732.  00 

34.  534 

2,  392.  00 

Saluria  Tex 

San  Francisco  Cal  ...  ..  ...   ........ 

8,101 

1,  232  00 

986 
5,900 

51.00 

Willamette  Ore""                

194.  00 

Total 

1,298,883 

154,  383.  20 

296, 127 

5,  732.  00 

4,  277, 110 

220,  4J5.  00 

« 

FREE  OF  DUTY. 


Customs  dislricts  and  ports. 

Mace. 

Nutmegs.   ■ 

Pepper,  white  and 
black. 

Quantity. 

Value. 

Quantity. 

Value. 

Quantity. 

Value. 

Aroostook,  Me 

Pounds. 

Pojinds. 

Pounds. 

Baltimore,  Md 

22,  314 
66, 465 

$8,  034 
27,  462 

429,  849 

476,  990 

460 

23.  740 

139,  720 

$57,  075 

54,  951 

102 

6,733 

$1,  907.  00 

Brazos  de  Santiago,  Tex 

Chicago,  111 

3  575 

Cincinnati,  Ohio 

20,  424 

Corpus  Christi,  Tex 

Detroit,  Mich  

Duluth,  Minn 

Galveston,  Tex 

Key  West,  Fla 

115 

11.50 

Middletown.  Conn 

Minnesota,  Minn 

New  Orleans,  La 

New  York,  N.  Y 

Oregon,  Oreg 

115,  022 

28, 617.  00 

1,  008, 282 

395,  583 

9, 119,  301 

1,  309,  084 

Oswegatchie,  N.  Y 

1,465 

338 

Paso  del  Norte,  Tex 

Philadelphia,  Pa 

139 

118. 00 

177 

162 

195,  455 

25 

509,  882 

98,  887 

25,  702: 
8; 

Saluria,  Tex 

San  Francisco,  Cal 

86,  014 
6,204 

23,  643 
2,858 

71,  296, 

Saint  Louis,  Mo 

15,  255. 

Willamette,  Oreg 

Total 

122,009 

30, 653. 50 

1, 189, 450 

458,342 

10,  995,  786 

1,  557,  810 
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FREE  OF  DUTY. 


Customs  districts  and  ports. 

Pepper,  cayenne. 

Pimento. 

All  other,  n.  s.  e., 
or  p.  f. 

Quantity. 

Value. 

Quantity. 

Value. 

Quantity. 

Value. 

[ 

Pounds. 

Pounds. 

Pou7ids. 

■Ral+imorp     TVfrl                            ..       

.     130 

$4 

11,  585 

920.  00 

■Ri^^rxj  dp  Rantiaco    Tftf     . 

Pin^innnti      OViio 

9,552 

$1, 296 

37,  446 

6,  111.  00 

T)i]1nth    Arinn          . - 

j 

"KftvWest  Fla                            

54 

5  ''O 

2,  400.  00 

1Vfinnp«nfa,     AfinTi 

"Wa'w  OilpnTTi    T.a . 

New  York  N  Y  

723,  459 

73,  789 

2,  500,  523 

109,  605 

33, 600 

rjrpornn     Orpor                                        

Pa  SO  del  T^orte   Tex 

1,081 
79, 118 

47 
5,503 

Philadelphia  Pa 

130 

6 

San  Francisco  Cal     

151,  313 
16,329 

21,  511.  00 
1,  265.  00 

"Willamette  Oreg      

Total   

813,  210 

80,  635 

2,  500,  783 

109,  615 

250, 327 

32,  212.  20 

DUTIABLE. 


Customs  districts  and  ports. 

Mustard,  ground   or  pre- 
serred,  in  bottles,  or  o. 

All  other, 

ground  or  produced, 

n.  8.  e.  or  p.  f. 

Quantity. 

Value. 

Quantity. 

Value. 

Pounds. 

10,660 
24,  670 

$1.35 
2,  839.  00 
7,  074.  00 

Pounds. 

Baltimore,  Md 

"Rntitnn    TVrnss 

894 

$392.00 

Brazos  de  Santiago,  Tex 

Chicago,  III 

J. 

Cincinnati,  Ohio - 

Corpus  Christi,  Tex 

e" 

LOO 

Detroit,  Mich 

896 

5 

1,800 

3 

278.  00 

1.00 

317.  00 

.42 

Duluth   Minn             •         .................  .. 

20 

5.00 
349  41 

Galveston,  Tex 

Key  West   Fla 

2.762 

3,  312 

90 

36,  982 

2,295 

246.  00 
9  00 

Middletown,  Conn 

Minnesota,  Minn 

3,704.00 
498.  00 

New  Orleans,  La 

45,  207 
404,  099 

8,810.00 
100,  609.  00 

New  York,  N.Y 

Oregon,  Oreg 

Oswegatchie,  N.  Y 

Paso  del  Norte,  Tex 

442    1          "70  «*> 

Philadelphia,  Pa 

106,  735 

30,  701.  00 

420 

157.  00 

Saluria,  Tex 

San  Francisco.  Cal 

38,  985 
4,490 

11, 195.  00 
3,111.00 

Saint  Louis,  Mo 

Willamette,  Oreg 

94  i 

5  26 

Total 

637,  555i 

162,  936.  77 

47,  317  J 

5,  431.  29 
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Unfortunately,  with  the  exception  of  pepper  and  nutmeg,  the  tables 
giving  the  countries  from  which  the  imports  were  made  do  not  distin- 
guish between  the  spices.  We  are,  however,  able  to  see  that  a  large 
portion  of  our  supply  comes  through  England,  and  the  effect  of  this 
upon  its  quality  is  certainly  not  to  improve  it.  The  amount  of  each 
spice  entered  for  consumption  is  visible  in  the  last  table  and  the  port 
of  arrival  as  well.  'New  York  of  course  receives  the  largest  portion, 
followed  by  Boston  and  Baltimore,  which  are  both  milling  centers. 

As  the  spices  are  offered  by  the  wholesale  merchant  they  have  a  va- 
riable value,  the  quotations  in  New  York  for  the  week  ending  Decem- 
ber 27,  1886,  being  as  foHows: 


Kind  of  spices. 

Price  per 
pound. 

Kind  of  spices. 

Price  per 
pound. 

Cassia : 
Batavia 

Cents. 
7    to    7h 

36         40 
30 
9         10 
lOi       10| 

27 
27 

5 

3|         4 

10         13 

50 
50 
50 

Cents. 
48  to  50 

18 
15^     16 

15 
25  26 
28i     29 

5 

6i      Qh 
5h       51 

]  Pepper': 

China 

Saigon : 

Eolls 

West  coast 

Acheen,  prime. 

Penang,  white 

Singapore,  white  . . . 
Ked: 

Zanzibar 

I                 Bombay 

Pimento,  prime 

Mustard: 
i          California: 

Brown 

Yellow 

1          Dutch 

j          English.  

Chips 

Buds 

Cloves: 

Prime 

^mboyna   ... 

Stems 

Ginger : 

Calcutta 

Cochin 

Mace: 

Batavia 

1          Trieste,  brown 

1 

1 

Banda  

Penang . 

It  is  of  interest  to  examine  these  figures  and  compare  them  with  the 
prices  of  wholesalers  and  retailers  of  ground  spices. 

The  following  figures  show  that  prices  alone  are  often  a  good  indica- 
tion of  adulteration,  the  ground  article  being  sold  at  wholesale  or 
even  retail  for  less  than  the  cost  of  the  pure  unground  spice. 


Pure  whole  spices 

Price  per  pound. 

Wholesale. 

Small  lots. 

Ginger  root : 
Bleached: 

Cents. 

Cents. 

16 
14 

34 
12 
8 
10 

30 
32 

32 
18 
18 

12 
12 

8 
8 

10 

42 

10 

9 

American     .... 

Unbleached : 

Jamaica  ...... .. 

Cochin 

7J  to  11 

3|      .4 

6 

26J       27 

27 

lOh       16 
15f 

11    '4 
11   « 

7         7h 
36       40 
9       10 

Clove: 

Amboyna    ...... 

White  Singapore 

Acheen          .   ...... 

Mustard  seed : 

Brown  Trieste 

Yellow  English 

California      ......... 

Brown  California 

Cassia  bark : 

Batavia 

Saigon  stick  .  ... 

Singapore  black  pepper 

Zanzibar  red  pepper 

17^       171 
9^ 

10^ 

SPICES   AND   CONDIMENTS. 
Prices  as  supplied  hy  spice  mills. 
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Name. 

Price  per  pound. 

Wholesale, 
barrels. 

Small  lots 
in  tin. 

Durham  mtistard .  ......... 

Ce7its. 

12 

16 

18 

12 

10 

12 

10 

7 

6 

12 

10 

6 

5 

20 

17 

50 

25 

Cents. 
16 
20 
22 
16 
14 
16 
14 
11 
10 
16 
14 
10 
9 
24 
21 
54 
29 

Extra  strong  mustard 

Extra  American  mustard... 

Tifist,  npnner             .      ... 

Pure  cinnamon .. ... 

Pure  ffiuf^er  . 

Pure  cayenne        ..... 

Best  cayenne 

Best  allspice  

Best  cloves  .... .  ...  .. 

CHAKACTER   OF   THE   SPICES  IN  THE  DISTEICT   OF  COLUMBIA. 

The  spices  found  in  Washington  are  from  various  markets.  The  first 
class  grocers  carry  the  best  English  and  rarely  good  American  brands. 
Adulteration,  however,  is  frequent,  especially  among  the  mustards,  pep- 
pers, and  cinnamon,  the  first  having  lost  its  oil  and  added  flour,  and  the 
last  having  cassia  substituted  for  it.  Among  the  cheaper  class  of  dealers 
adulterated  spices  are  nearly  universal,  the  supply  being  obtained 
largely  from  Baltimore  and  to  a  small  extent  ground  in  Washington, 
both  places  in  which  yellow  corn  and  charcoal  are  much  used  as  adul- 
terants. 

Of  a  series  of  samples  collected  impartially  from  all  classes  of  shops  the 
ratio  of  adulterated  to  non- adulterated  was  as  follows : 


Variety  of  spice. 

Pure. 

Adulter- 
ated. 

Substi- 
tuted. 

Inferior 
or  sus- 
picious. 

Cassia 

Cinnamon 

3 

1 

10 

Cloves  

2 

4 

2 

10  ■► 

9 

Ginger 

Mace 

4 
3 

1 

IS'utmeg 

Peppe'-: 

Black 

White 

Eed 

Pimento 

3 

1 
2 
1 
5 

9 
2 
5 
3 

■* 

, 

1 

*  Oil  expressed  in  one  case  and  tumeric  added  and  oil  expressed  in  all  A.merican  brands. 

The  preceding  samples,  which  have  proved  to  be  so  largely  adulter- 
ated, have  been  used  in  connection  with  a  collection  of  authenticated 
whole  spices  obtained  directly  from  the  importers  as  a  means  of  inves- 
tigating the  methods  which  have  been  recommended  for  the  detection 
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of  adulterants,  and  the  results  of  our  examination  of  published  methods 
and  our  own  work  are  presented  in  the  following  pages,  giving  to  the 
analyst  a  large  amount  of  technical  and  scientific  information  which  is 
of  less  interest  to  the  general  reader. 


PART  II. 

^   THE  DETECTION   OF  ADULTERATION   OF   SPICES  AND   CONDIMENTS. 

In  attempting  to  detect  the  adulteration  of  spices  and  condiments 
the  methods  which  can  be  employed  are  of  three  kinds  and  depend 
upon  the  diflerences  in  structure  between  the  adulterants  and  the  sub- 
stances to  which  they  are  added,  and  upon  their  proximate  composi- 
tion. The  former  differences  are  recognized  by  mechanical  separation 
and  the  use  of  the  microscope  and  the  latter  by  chemical  analysis.  In 
the  use  of  the  microscope  a  knowledge  of  and  ability  to  recognize  the 
principal  tissues  which  constitute  the  particular  plant  parts  which  are 
used  as  spices  and  also  of  those  used  as  adulterants  is  necessary,  while 
in  the  chemical  examination  the  principles  of  proximate  analysis  must 
be  understood  and  applied. 

It  is  as  necessary  that  the  analyst  should  be  thoroughly  acquainted 
with  the  application  of  the  microscope  to  the  determination  of  cellular 
structure  as  to  be  able  to  make  determinations  of  proximate  prin- 
ciples in  the  substances  under  examination.  In  fact,  a  mechanical  sep- 
aration and  microscopical  examination  is  much  more  expeditious  and 
more  at  the  command  of  the  majority  of  persons  searching  for  adultera- 
tion. 

Chemical  analysis  requires  a  systematic  and  extensive  investigation 
of  large  numbers  of  samples,  both  pure  and  adulterated,  to  fix  a  stand- 
ard of  comparison,  and  this  has  hitherto  been  seldom  done,  owing  to 
the  elaborate  nature  of  the  work  and  the  expense  involved.  It  should 
not  be  neglected,  however,  since  it  serves  as  a  most  certain  confirmation 
of  the  microscopic  results,  besides  furnishing  information  in  regard  to 
the  quality  of  the  specimen  examined  and  as  to  the  quantity  of  any 
adulterant,  which  cannot  be  obtained  in  any  other  way.  While,  there- 
fore, the  microscopic  method  will  always  retain  its  value  for  preliminary 
and  qualitative  examinations,  it  must,  with  the  development  of  the 
means  of  chemical  investigation,  become  more  and  more  a  mere  adjunct 
of  the  latter,  as  in  fact  the  microscope  has  become  in  all  branches  of 
science.  The  application  of  the  microscope  to  the  detection  of  adulter- 
ants will,  therefore,  be  considered  first. 

MECHANICAL  SEPARATION  AND  MICROSCOPIC  EXAMINATION  OF  SPICES 

AND   CONDIMENTS. 

As  a  preliminary  to  the  microscopic  examination  a  mechanical  sep- 
aration by  means  of  sieves  of  different  mesh  furnishes  a  means  of  de- 
tecting adulterants  and  selecting  particles  for  further  investigation, 
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which  is  of  the  greatest  value  and  often  reveals  without  additional 
means  the  presence  of  foreign  materials.  Many  adulterants  are  not 
ground  as  fine  as  the  spice  to  which  they  are  added,  and  by  passing 
the  substance  through  a  sieve  of  from  40  to  60  meshes  to  the  inch  the 
coarser  particles  remaining  will  either  be  recognized  at  once  by  the  un^ 
aided  eye  or  with  a  pocket  lens  or  the  microscope.  In  this  way  turmeric 
is  readily  separated  from  mustard,  and  yellow  corn,  mustard  hulls  and 
cayenne  from  low-grade  peppers ;  in  no  case  was  the  aid  of  more  than 
an  ordinary  pocket  lens  necessary  for  subsequent  recognition,  although 
higher  powers  of  the  microscope  were  confirmatory. 

Without  entering  here  into  the  practical  manipulation  of  the  micro- 
scope, it  may  be  said  that  for  the  purposes  of  the  food  analyst  it  is  only 
necessary  to  have  a  stand  of  good  workmanship,  not  necessarily,  though 
preferably,  furnished  with  substage  condenser,  but  supplied  with  Nicol 
prisms  for  the  use  of  polarized  light.  Objectives  of  inch,  half-inch,  or, 
for  some  of  the  starches,  one-fifth  inch  equivalent  focus  are  sufficient. 
One  eye-piece  of  medium  depth  is  also  enough.  It  is  also  desirable  to 
be  provided  with  a  dissecting  microscope  for  selecting  particles  for  ex- 
amination from  large  masses  of  ground  spice.  For  those  who  can  afford 
it,  the  large  stand  of  Zeiss  made  for  this  purpose  proves  most  useful, 
but  simpler  forms  or  even  a  hand  lens  will  serve  perfectly  well. 

For  smaller  apparatus  it  is  unnecessary  to  provide  anything  aside 
from  what  is  found  in  ordinary  laboratories.  A  few  beakers,  watch 
glasses,  stirring  rods,  and  specimen  tubes,  with  bottles  for  reagents  will 
be  sufficient  in  addition  to  the  ordinary  glass  slides  and  cover  glasses. 

The  reagents  which  are  required  include,  in  case  no  permanent  mounts 
are  required : 

Alcohol,  strong. 
Ammonia. 

Chloralhydrat,  solution  8  parts  to  5  of  water. 
Glycerine. 

Iodine  solution  :  water  15  parts,  iodide  of  potash  20  parts,  iodine  5  parts. 
Water,  distilled. 

Schulze's  reagent,  a  mixture  of  chlorate  of  potash  and  dilute  nitric  acid  pre- 
pared as  wanted. 

Balsam  in  benzol  and  glycerine  jelly  are  desirable  for  mounting 
media  and  some  sheet  wax  for  making  cells. 

In  addition  the  analyst  should  supply  himself  with  specimens  of  whole 
spices,  starches,  and  known  adulterants  which  can  be  used  to  become  ac- 
quainted with  the  forms  and  appearances  to  be  expected.  It  is  easier 
to  begin  one's  study  in  this  way  on  sections  prepared  with  the  knife 
than  upon  the  powdered  substance,  and  it  is  often  necessary  to  refer 
to  them  for  comparison  in  the  examination  of  trade  samples. 

PHYSIOLOGICAL  STRUCTURE  IN  THE  SPICES  AND  THEIR  ADULTERANTS. 

The  vegetable  tissues  which  made  up  the  structure  of  the  spices,  and 
the  material  of  a  vegetable  origin  which  are  added  as  adulterants,  con- 
sist of  cells  of  different  forms  and  thickness.    Those  which  are  most 
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prominent  and  common  are  the  parenchyma,  the  sclerenchyma,  fibrous 
tissue,  and  the  fibro-vascular  bundles.  Spiral  and  dotted  vessels  are  also 
common  in  several  of  the  adulterants,  and  in  the  epidermis  other  forms 
of  tissue  which  it  is  necessary  to  be  well  acquainted  with  though  not 
physiologically.  The  parenchyma  is  the  most  abundant  tissue  in  all 
material  of  vegetable  origin,  making  up  the  largest  proportion  of  the 
main  part  of  the  plant.  It  is  composed  of  thin-walled  cells,  which  may 
be  recognized  in  the  potato  and  in  the  interior  of  the  stems  of  maize. 
In  the  latter  i)lant,  also,  the  fibro-vascular  system  is  well  exemjjlified, 
running  as  scattered  bundles  between  the  nodes  or  joints,  and  easily 
made  out. 

Fibrous  tissue  consists  of  elongated  thick-walled  cells  or  fibers  which 
are  very  common  in  the  vegetable  kingdom  and  are  well  illustrated  in 
flax.  They  are  not  as  common  in  spices  as  in  the  adulterants.  They 
are  optically  active,  and  in  the  shorter  forms  somewhat  resemble  the 
cells  next  described.  They  are  seen  in  one  of  the  coats  of  buckwheat 
hulls  and  in  the  outer  husk  of  the  cocoanut. 

The  sclerenchyma  is  found  in  the  shells  of  many  nuts  and  in  one  or 
two  of  the  spices.  The  cells  are  known  as  stone  cells,  from  the  great 
thickening  of  their  walls,  and  to  them  is  due  the  hardness  of  the  shell 
of  the  cocoanut,  the  pits  of  the  olive,  «&c.  Their  structure  is  illustrated 
in  Fig.  5  from  Strasburger. 


Fig.  5.  Sclerenchyma  or  stone  cells.    X  240.    (After  Strasburger.) 

Spiral  and  dotted  vessels  are  common  in  woody  tissue  and  are  readily 
recognized.  With  all  these  forms  the  analyst  should  familiarize  him- 
self, and  as  an  aid  may  consult  Bessey's  Botany  in  the  American 
Science  Series. 
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In  pepper  and  in  mustard  the  parenchyma  cells  are  prominent  in  the 
interior  portion  of  the  berry,  while  those  constituting  the  outer  coats 
are  indistinct  from  their  deep  color  in  the  pepper,  but  in  the  mustard 
characteristic  of  the  particular  species.  In  fact,  in  many  of  the  spices, 
especially  those  which  are  seeds,  the  forms  of  the  epidermal  cells  are  very 
striking,  and  even  if  no  attempt  is  made  to  classify  them  their  i^eculiari- 
ties  must  be  carefully  noted,  as  the  recognition  of  the  presence  of  for- 
eign husky  matter  depends  upon  a  knowledge  of  the  normal  appearance 
in  any  spice.  The  fibro- vascular  bundles  are  most  prominent  in  ginger 
and  in  the  barks,  where  in  the  powdered  spices  they  are  found  as  stringy 
particles. 

The  sclerenchyma  or  stone  cells,  are  commoner  in  the  adulterants,  es- 
pecially in  cocoanut  shells,  where  may  also  be  seen  numerous  spiral  cells 
and  in  the  exterior  coats  fibrous  tissue. 

As  aids  to  distinguishing  these  structures,  the  following  peculiarities 
may  be  cited. 

The  stone  cells  and  fibrous  tissue  are  optically  active  and  are  there- 
fore readily  detected  with  polarized  light,  shining  out  in  the  dark  field  of 
the  microscope  as  silver  white  or  yellowish  bodies. 

The  fibro-vascular  bundles  are  stained  deep  orange  brown  with  iodine, 
owing  to  the  nitrogenous  matter  which  they  contain,  while  parenchyma 
is  not  afiected  by  this  reagent  aside  from  the  cell  contents,  nor  has  it 
any  action  on  polarized  light,  remaining  quite  invisible  in  the  field  with 
crossed  prisms. 

STARCH. 

Aside  from  the  cellular  tissue,  starch  is  the  most  important  element 
in  the  plant  for  the  analyst,  and  its  i)eculiarities  will  be  considered  quite 
fully. 

It  possesses  an  organized  structure  and  is  distinguished  by  its  reac- 
tion with  iodine  solution,  with  which  it  strikes  a  deep  blue  or  blackish 
blue  color,  varying  somewhat  with  different  kinds  of  starch  and  with 
the  strength  of  the  reagent. 

Conversely  its  absence  is  marked  by  no  blue  color  under  the  same 
circumstances.  Heat,  however,  as  in  the  process  of  baking,  so  alters 
starches,  converting  them  into  dextrine  and  related  bodies,  that  they  give 
a  brown  color  with  iodine  instead  of  a  blue  black.  They  are  then  in 
fact  no  longer  starch,  although  their  form,  often  not  being  essentially 
changed,  permits  of  their  identification. 

Although  a  practical  experience  in  recognizing  the  starches  by  these 
characteristics  is  essential  tor  their  rapid  detection  when  occurring  as 
adulterants,  a  valuable  guide  may  be  supplied  to  a  certain  extent  by 
artificial  classifications,  such  as  Vogel,  Muter,  and  Blyth,  after  Tripe's 
work,  have  arranged. 

Vogel's  and  Muter's  are  based  on  the  form  and  size  ot  the  granules, 
of  the  hilum  or  central  depression  or  nucleus  and  the  prominence  and 
position  of  the  rings.     Tripe  showed  that  with  polarized  light  and 
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selenite  the  starches  of  tubers  showed  a  more  varied  play  of  colors  thau 
the  cereal  and  leguminous  starches  which  are  produced  above  ground. 
On  this  fact  Blyth  has  made  another  classification.  Both  are  of  value 
and  interest. 

VogeVs  taMe  of  the  different  starches  and  arrowroots  of  commerce. 
A. — Granules  simple,  bounded  by  rounded  surfaces. 

I.  Nucleus  central,  layers  concentric. 

a.  Mostly  rouud  or  from  tlae  side  lens-shaped. 

1.  Large  granules  .0396  -  .0528™!^,  rye  starch. 

2.  Large  granules  .0352  -  .0396™™,  tvheat  starch. 

3.  Large  granules  .0264,  tarley  starch. 

l.  Egg-shaped,  oval,  kidney-shaped.     Hilum  often  long  and  ragged. 
1.  Large  granules  .032  -  .079^°^,  leguminous  starches. 

II.  Nucleus  eccentric,  layers  plainly  eccentric  or  meniscus  shaped. 

a.  Granules  not  at  all  or  only  slightly  flattened. 

1.  Nucleus  mostly  at  the  smaller  end  .06  -  .10°"",  potato  starch. 

2.  Nucleus  mostly  at  the  broader  end  or  towards  the  middle  in  simple  gran- 

ules .022  -  .060™™,  maranta  starch, 
h.  Granules  more  or  less  strongly  flattened. 

1.  Many  drawn  out  to  a  short  point  at  one  end. 

a.  At  most  .060™™  long,  curcuma  starch. 
T).  As  much  as  .132™™  long,  canna  starch. 

2.  Many  lengthened  to  bean-shaped,  disk-shai^ed,  or  flattened ;  nucleus  near 

the  broader  end  .044  -  .075™™,  lanana  starch. 

3.  Many  strongly  kidney-shaped:  nucleus  near  the  edge  .048  -  .056™™,  sis- 

yrinchium  starch. 

4.  Egg-shaped;  at  one  end  reduced  to  a  wedge,  at  the  other  enlarged;  nu- 

cleus at  smaller  end  .05  -  .07™™,  yam  starch. 

B. — Granules  simple  or  compound,  single  granules  or  parts  of  granules,  either  bound- 
ed entirely  by  plane  surfaces,  many  angled,  or  by  partly  rouud  surfaces. 

I.  Grannies  entirely  angular. 

1.  Many  with  prominent  nucleus.     At  most  .0066™™,  rice  starch. 

2.  Without  a  nucleus.     The  largest  .00^8™™,  millet  starch. 

II.  Among  the  many  angled  also  rounded  forms. 

a.  No  partly  rounded  forms  present,  angular  form  predominating. 

1.  Without  nucleus  or  depression  very  small,  .0044™™,  oat  starch. 

2.  With  nucleus  or  depression  .0132  -  .0220™™. 

a.  Nucleus  or  its  depression  considerably  rounded ;  here  and  there  the 
granules  united  into  difl'erently  formed  groups,  hucliwheat  starch. 

h.    Nucleus  mostly    radiatory  or   star-shaped ;     all    the    granules   free, 
maize  (corn)  starch. 
h.  More  or  less  numerous  kettle-drum  and  sugar-loaf  like  forms. 

1.  Very  numerous  eccentric  layers ;     the  largest   granules    .022  -  .0352™™, 

hatata  starch. 

2.  Without  layers  or  rings  .OS  -  .022™™. 

a.  In  the  kettle   drum-shaped  granules   the  nucleal  depression  mostly 

widened  on  the  flattened  side,  .008  -  .022™™,  cassava  starch, 
h.  Depression  wanting  or  not  enlarged. 

aa.  Nucleus  small,  eccentric,  .003  -  .016™™,  pachyrhizus  starch. 
hb.  Nucleus  small,  central,  or  wanting. 

aaa.  Many  irregular  angular  forms. 008  -  .0176™™,8ec7aMW  starch. 
hl)h.  But   few  angular  forms ;  some  with  radiatory  nucleal  fis- 
sure, .008-  .0176,  castanosjyermum  starch. 


1 


SPICES   AND    CONDIMENTS. 


155 


G.— Granules  simple  and  compounds,  predominant  forms,  egg  form  and  oval,  with 
eccentric  nucleus  and  numerous  layers,  the  compound  granule  made  up  of  a  large 
granule  and  one  or  more  relatively  small  kettledrum-shaped  ones,  .025  -  .066™™, 
sago  starch. 

Muter^s  table  for  the  detection  of  starches  when  magnified  about  230  diameters.* 

[All  measurements  are  given  in  decimals  of  an  inch.] 

Group  I:  All  more  or  less  oval  in  shape  and  having  hoth  liilum  and  rings  visible. 


Name. 


Tons  les  mois . 
Potato 


Bermuda  arrowroot 

St.  Vincent  arrowroot . 


Natal  arrowroot 


Oalangal 
Calumba . 


Orris  root . 
Turmeric . 


Ginger 


Shape. 


Oval,  with  flat  ends. 
Oval 


Sack-shaped., 
Oval-ohlong  . 


Broadly  ovate 


Skittle-shaped 

Broadly  pear-shaped. 


E  longated-oblong 

Oval-oblong,  conical 


Shortly    conical,    with 
rounded  angles. 


Normal   meas- 
urements. 


00370  to.  00185 
00270      . 00148 


00148      . 00129 
00148      . 00129 

00148      . C0129 

t.  00135 
t.  00185 

t.  00092 
t.  00148 

t.  00148 


Eemarks. 


Hilum  annular,  near  one  end 
and  incomplete  rings. 

Hilum  annular,  rings  incom- 
plete, shape  and  size  very 
variable. 

Ililuin  distinct  annular, 
shape  variable,  rings  faint. 

Hilum  semilunar,  rings 
faint,  shape  not  very  vari- 
able. 

Hilum  annular,  in  center  and 
well  marked  complete 
rings. 

Hilum  elongated,  very  faint 
incomplete  rings. 

Hilum  semilunar,  faint  but 
complete  rings,  shape  var- 
iable. 

Hilum  faint,  shape  charac- 
teristic. 

Very  strongly-marked  in- 
complete rings. 

Hiluur  and  rings  scarcely 
visible,  shape  variable  but 
characteristic. 


Group  II:  "With  strongly-developed  hilum  more  or  less  stellate. 


Bean 
Pea.. 


Lentil  .. 
Nutmeg 
Dari 


Maize 


Oval-ob]on<'"  ........ 

t.  00135 
.00111— .00074 

t.  00111 
t.  00055 
t.  00074 

f.  00074 

Fairly  uniform. 

Very  variable  in  size,  with 
granules  under .  00111  pre- 
ponderating. 

Hilum.  a  long  depression 
seldom  radiate. 

I/ike  bean 

Elongated  hexagon  

Round  and  polygonal.. . 

form  distinctive. 

Irregular  appearance  and 
great  convexity  distinct- 
ive. 

The  rounded  angles  of  the 
polygonal  granules  dis- 
tinctive. 

Group  III :  Hdum  and  rings  practically  invisible. 


iVheat 

. 00185  to .  00009 

:.  00073 
.00148      .00009 

Very    variable  in  size   and 

very   dull  polarization   in 

water. 
The     majority     measuring 

about  .00073  distinctive. 
Small  granules,  quite  round, 

a  n  d     here    and     there 

cracked. 
Polaiizes  brightly  in  vraier. 
Polarizes  between  jalap  and 

wheat,  and  runs   smaller 

and  more  convex. 

Measurements     the     only 

Parley 

Rye 

Slightly  angular  circles 
tiiko  barley          .  ... 

■Rhubarb 

do 

.00055    §.00033 

. 00148  — .  00009 
. 00074  —  .  00011 : 
. 00074  — .  00009) 

■Senega 

do 

...  do 

■Suinbul 

do 

guide. 

*Analyst  1,  172-174,  November  15,  1876. 
tAbout. 


I  And  a  few  four  times  this  size. 
§  For  small  granules. 


166 


FOODS    AND   FOOD   ADULTERANTS. 


Muter^s  table  for  the  detection  of  starches,  ^-c. — Continued; 
Group  III:  Hilum  and  rings  practically  invisible — Continued. 


Xame. 

Shape. 

Normal   meas- 
urement 

Kemarks. 

Chestnut      .............. 

Verv  variable. ......... 

. 00090  — .  00009 
*.  00074 

.  00296      . 00180 
*.  00018 

. 00037      .  00009 

. 00055      .  00009 

Variablfi  ■fnrm   nnrl  <smn11  Imf 

Acom                .     .        ...... 

Kound-oval     ...        ... 

regular  size,  distinctive. 
Small  and  unitorni  size    dis- 

Calabar bean            .      ..... 

Oval-oblon""    .     ... 

tinctive. 

Large  size  and  shape  char- 
acteristic. 

Small  size  and  shape  dis- 
tinctive. 

Small,  regular  size  and  ro- 
tundity, distinctive. 

Irregular  shape  and  faint 
central  depression,  distinc- 
tive. 

Hellebore  (green  or  black) . . 
Hellebore  (white)     

Perfectly  rotund 

Group  lY:  More  or  less  truncated  at  one  end. 


Cassia 


Cinnamon  . 
Sago  (raw) . 


Sago  (prepared) 


Tapioca 


Arum. 


Belladonna 


Hound. 


Like  cassia . 
Oval-ovate.. 

do 


Houndish. 


Like  tapioca. 
do 


Colchicum j do 


Scammony. 


Canella , 


Podophyllum 


Aconite 


.do 


Very  variable 
Like  tapioca.. 


.do 


00111  to.  00018 


, toooo 


00260 


00074 


\  00045 


, 00033  — .  00022 


'.  00040 


Hound  or  muller  shaped 
granules  and  faint  circular 
hilum. 

More  frequently  truncated 
than  cassia,  and  smaller. 

Has  circular  hilum  at  con- 
vex end  and  rings  faintly 
visible. 

Has  a  la-ge  oval  or  circular 
depression,  covering  one- 
third  nearly  of  each  gran- 
ule. 

A  little  over  50  per  cent, 
truncated  by  one  facet, 
and  a  pearly  hilum. 

Smaller  than  tapioca  and 
truncated  by  two  facets. 

Xot  distinguishable  from 
tapioca. 

Larger  than  tapioca,  and 
contains  many  more  trun- 
cated granules. 

Smaller  than  tapioca,  more 
irregular,  and  hilum  not 
visible. 

Yery  variable,  form  and 
small  size  the  only  points. 

Like  scammony,  but  has 
visible  hilum  in  most  of 
the  granules. 

Like  tapioca,  but  half  the 
size. 


Group  T:  All  granules  more  or  less  polygonal. 


Tacca 
Oat . . . 
Rice . . 


Pepper  

Ipecacuanha. 


Poly  or  hexagonal .  00075  to.  00037  j  Distinguished    from    maize 

by  its  sharp  angles. 
Polygonal '  *.  00037     '  ... 


.do 


00030  — .  00020 


■ .  00002 
*.  00018 


Larger  than  rice  and  hilum 
visible  in  some  granules. 

Measurement     using      one- 
eighthorone-twelfth  inch- 
power,  and  then  hilum  vis- 
ible. 
Do. 

Some  round  and  truncated 
granules,  adhering  in 
groups  of  three. 


*  About. 
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BlytWs  classifi cation. 

Division  1. — Starches  showing  a  play  of  colors  with  polarized  light  and  selenite 
plate. 

Class  I.  The  hilum  and  concentric  rings  clearly  visible,  all  the  starches  oval  or 
ovate,  including  tons  les  mois,  potato,  arrowroot,  calumba,  orris  root, 
ginger,  galangal,  and  turmeric. 
Division  II. — Starches  showing  no  iridescence,  or  scarcely  any,  when  examined  by 
polarized  light  and  selenite. 

Class  II.  The  concentric  rings  all  but  invisible,  hilum  stellate,  including  bean, 
pea,  maize,  lentil,  dari,  and  nutmeg. 

Class  III.  Starches  having  both  the  concentric  rings  and  hilum  invisible  in  the 
majority  of  granules.  This  important  class  includes  wheat,  bar- 
ley, rye,  chestnut,  acorn,  and  many  starches  in  medicinal  plants. 

Class  lY.  All  the  granules  truncated  at  one  end.  This  class  includes  sago,  tap- 
ioca and  arum,  several  drugs,  and  cinnamon  and  cassia. 

Class  Y.  In  this  class  all  the  granules  are  angular  in  form  and  it  includes  oats, 
tacca,  rice,  pepper,  as  well  as  ipecacuanha  starch. 

Of  the  starclies  wliicli  are  included  in  the  preceding  classification  but 
a  limited  number  Tvill  be  met  Tvitb  in  spices  and  their  adulterants  or  in 
the  commoner  foods.  One  must,  however,  be  able  to  readily  recognize 
the  following : 


Starches   natural  to 
spices  and  condiments. 

starches  of  admixture. 

Ginger. 

WTieat     and     other 

Pepper. 

cereals. 

l^utmeg. 

Corn. 

Cassia. 

Oats. 

Pimento. 

Barlev. 

Cinnamon. 

Potato. 

Cavenne. 

Maranta    and   other 

arrowroots. 

Eice. 

Bean. 

Pea. 

Sago. 

Buckwheat. 

The  remainder  may  be  found  in  other  foods  and  in  drugs  and  cannot 
well  be  omitted  therefore  from  our  classifications. 

Xo  one  of  these  is  complete  in  itself,  but  from  the  characters  given  and 
with  the  aid  of  our  illustrations  the  starches  which  commonly  occur  in 
the  substances  which  are  here  considered  may  usually  be  identified  with- 
out difficulty. 

In  practice  the  manipulation  of  the  microscope  and  the  preparation 
of  the  object  requires  some  little  expericDce,  but  not  more  than  analysts 
usually  have  had.  For  the  benefit  of  those  who  have  had  none,  it  may 
be  said  that  a  small  portion  of  the  starch  or  spice  is  taken  up  upon  a 
clean  camel's  hair  brush  and  dusted  upon  a  common  slide.  The  excess, 
is  blown  away  and  what  remains  moistened  with  a  drop  of  a  mixture 
of  equal  parts  of  glycerine  and  water  or  glycerine  and  cami)hor- water 
and  covered  with  a  cover  glass.  It  is  well  to  have  a  small  supply  of 
the  common  starches  in  a  series  of  tubes,  which  can  be  mounted  at  any 
moment  and  used  for  comparison.  They  can  be  permanently  mounted  by 
making  with  cork  borers  of  two  sizes  a  wax  cell-ring  equal  to  the  diam- 
eter of  the  cover  glass,  and  after  cementing  the  cell  to  the  slide  with 
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copal  varnish  thinned  with  turpentine  and  introducing  the  starch  and 
glycerine  mixture,  fixing  the  cover  glass  on  after  running  some  of  the 
cement  over  the  top  of  the  ring.  A  little  experience  will  enable  one  to 
put  the  right  amount  of  liquid  in  the  cell  and  to  make  a  preparation 
which  will  keep  for  some  time.  After  several  months,  however,  it  is 
difficult  to  distinguish  the  rings  which  mark  the  development  of  the 
granule,  and  although  for  reference  as  to  size  and  form  the  preparation 
is  satisfactory,  it  is  always  advisable  in  doubtful  cases  to  examine  some 
fresh  material. 

For  other  i^urposes  the  starches  should  be  mounted  in  prepared  Can- 
ada balsam  or  dammar  by  well-known  methods.  In  this  medium  they 
can  be  preserved  indefinitely,  but  are  scarcely  visible  with  ordinary 
illumination,  and  must  be  viewed  by  polarized  light,  which  brings  out 
distinctive  characters,  not  seen  as  well  or  at  all  in  other  mounts. 

Appearance  in  glycerine  and  umter. — When  mounted  in  the  manner 
already  described,  or  in  water  alone  if  for  only  temi^orary  use,  and  ex- 
amined under  a  microscoi)e  with  an  objective  of  equivalent  focus  of 
one-half  to  one-fifth  inch,  and  with  means  for  oblique  illumination,  the 
starches  will  display  the  characteristics  which  have  been  mentioned, 
and  which  are  illustrated  on  Plates  26,  27,  and  28.  These  illustrations 
have  been  drawn  from  nature  by  Dr.  George  Marx,  and  represent  the 
starches  as  nearly  as  j)Ossible,  as  they  are  seen,  and  not  as  in  many  of 
the  absurd  illustrations  of  the  handbooks  of  microscopists  of  the  past 
and  present  day,  which  are  entirely  ideal,  representing  the  granules 
not  as  extremely  translucent  bodies,  but  with  the  rings  or  layers  as 
strongly-marked  lines.  Examined  in  this  manner  the  size,  shape,  pres- 
ence or  absence  of  a  nucleus  or  liilum,  and  of  the  rings  and  their  ar- 
rangement, can  be  made  out,  and  the  starch  referred  to  its  proper  posi- 
tion. 

Appearance  in  balsam  ivith  polarized  light. — Mounted  in  balsam  the 
starches  are  scarcely  visible  under  any  form  of  illumination  with  ordi- 
nary light,  the  index  of  refraction  of  the  granules  and  the  balsam  being 
so  nearly  alike.  When,  however,  polarized  light  is  used  the  effect  is  a 
striking  one,  and  is  illustrated  in  Plates  19  to  21.  It  is  very  easy  to 
distinguish  all  the  characteristics,  except  the  rings,  the  center  of  the 
cross  being  at  the  nucleus  of  the  granule. 

With  the  selenite  plate  a  play  of  colors  is  produced,  which  is  peculiar 
to  some  of  the  starches  and  forms  the  basis  of  Blyth's  classification. 

The  principal  starches  which  are  met  with  may  be  described  as  fol- 
lows, in  connection  with  our  illustrations,  beginning  with  those  of  the 
arrowroot  class,  including  the  potato,  ginger,  and  turmeric. 

Potato  starch. — The  starch  grains  of  the  potato  are  very  variable  in 
size,  being  found  from  .05  to  .10"^'^^  in  length,  and  in  shape  from  oval  and 
allied  forms  to  irregular  and  even  round  in  the  smallest.  These  varia- 
tions are  illustrated  in  Fig.  57,  but  the  frequency  of  the  smaller  granules 
is  not  as  evident  as  in  Figs.  30  and  31.  The  layers  are  visible  in  some 
granules  with  great  distinctoegs  9-nd  m  others  hardly  at  allj  being  rather 
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more  prominent  in  the  starch  as  obtained  from  a  freshly  cut  surface. 
The  rings  are  more  distinct,  too,  near  the  hilum  or  nucleus,  which  in  this, 
as  in  all  tuberous  starches,  is  eccentric,  shading  off  toward  the  broader 
or  more  expanded  portion  of  the  granule.  The  hilum  appears  as  a 
shadowy  depression  (Fig.  57)  and  with  polarized  light  its  position  is  well 
marked  by  the  junction  of  the  arms  of  the  cross,  and  it  will  be  found  by 
comparison  of  Figs.  31  and  32,  on  Plate  XYI,  that  in  the  potato  it  is 
oftener  at  the  smaller  end  of  the  granule  and  in  the  arrowroot  at  the 
larger.  With  polarized  light  and  a  selenite  plate  the  beautiful  play  of 
colors  is  obtained  which  is  the  basis  of  Blyth's  classification.  The 
smaller  granules,  which  are  nearly  round,  may  readily  be  confused  with 
other  starches,  but  their  presence  serves  at  once  to  distinguish  this  from 
Maranta  or  Bermuda  arrowroot  starch. 

Earely  compound  granules  are  found  composed  of  two  or  three  sin- 
gle ones  each  with  its  own  nuclus. 

Of  the  same  type  as  the  potato  starch  are  the  various  arrowroots, 
the  only  one  of  which  commonly  met  with  in  this  country  being  the 
Bermuda,  the  starch  of  the  rhizome  of  Maranta  arundinacea,  and  the 
starch  of  Turmeric. 

Maranta  starch. — The  granules  are  usually  not  so  varied  in  size  or 
shape  as  those  of  the  potato,  as  may  be  seen  in  Figs.  30,  31,  and  32, 
averaging  about  .07"^"^  in  length.  They  are  about  the  same  size  as  the 
average  of  the  latter,  but  are  never  found  as  large  or  as  small,  which, 
together  with  the  fact  that  the  end  at  which  the  nucleus  appears  is 
broader  in  the  Maranta  and  more  pointed  in  the  potato,  enables  one  to 
distinguish  the  starches  without  difficulty.  With  polarized  light  the 
results  are  similar  to  those  seen  with  potato  starch,  and  this  is  a  ready 
means  of  distinguishing  the  two  varieties,  by  displaying  in  a  striking 
way  the  form  of  the  granule  and  position  of  the  hilum,  as  is  illustrated 
in  Figs.  31  and  32. 

Curcuma  or  turmeric  starch. — Tumeric  contains  a  starch  (Fig.  63, 
Plate  XXYIII),  which,  although  of  the  arrowroot  class,  is  quite  distinct 
in  appearance  from  those  which  we  have  described.  It  is  most  irregular 
in  outline,  so  that  it  is  impossible  to  define  its  shape  or  to  do  more  than 
refer  to  the  illustration.  Many  of  the  granules  are  long  and  narrow  and 
drawn  out  to  quite  a  point.  The  rings  are  distinct  in  the  larger  ones. 
The  size  is  about  that  of  the  Maranta. 

Ginger  starch  (Figs.  41  and  42,  Plate  XXI,  and  Fig.  58,  Plate  XXVII).— 
This  starch  is  of  the  same  class  as  those  from  the  potato  and  Maranta 
and  several  others  which  are  of  under-ground  origin.  In  outline  it  is  not 
oval  like  those  named,  but  more  rectangular,  having  more  obtuse  angles 
in  the  larger  granules  and  being  cylindrical  or  circular  in  outline  in  the 
smaller. 

It  averages  ^e^rly  the  same  size  as  Maranta  starch,  but  is  much  more 
variable  both  m  size  and  form.  The  rings  are  scarcely  visible  even  with 
the  wost  favorable  illuioiuatiou, 
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Sago  starch. — This  exists  in  two  modifications  in  the  market ;  as  raw 
and  as  prepared  sago.  In  the  prepared  condition  it  is  characterized  by 
a  larger  circular  depression  in  the  center  of  most  of  the  granules.  The 
rings  are  not  visible.  They  are  mostly  circular  in  form  or  approaching 
it,  and  vary  from  .025  to  .065™^  in  diameter. 

Leguminous  starches,  pea  and  bean  (Figs.  39  and  40,  Plate  XX,  and 
Figs.  60  and  61,  Plate  XXVII). — These  starches  produce  but  a  slight 
effect  with  polarized  light.  The  rings  are  scarcely  visible,  and  the  hilum 
is  stellate  or  much  cracked  along  a  median  line 5  the  bean  inore  so  than 
the  pea,  the  latter  resembling  fresh  dough  kneaded  again  into  the  cen- 
ter as  in  making  rolls,  and  the  former  the  shape  assumed  by  the  same 
after  baking.  They  are  both  somewhat  variable  in  size,  ranging  from 
.02.5  to  .10°^"^  in  length. 

Nutmeg  starch  (Fig.  64,  Plate  XXVIII).— This  starch,  which  in  some 
respects  resembles  the  preceding — the  rings  being  scarcely  visible  and 
not  iridescent  with  polarized  light — is  much  smaller  in  size  and  quite 
variable.  The  larger  granules  are  at  times  as  long  at  .05™*'^  and  the 
smallest  smaller  than  .OOS'""^.  They  are  of  extremely  irregular  forin, 
with  angular  depressions  and  angular  outlines,  and  are  distinguished 
by  a  budded  appearance,  caused  by  the  adherence  of  small  granules  to 
the  larger. 

Capsicum  starch  (Fig.  67,  Plate  XXYIII)  is  nearly  circular  or  rounded, 
polyhedral  in  form,  with  scarcely  visible  rings,  and  in  most  cases  a  de- 
pressed hilum  resembling  in  size  and  shape  corn  starch,  but  having 
peculiar  irregularities,which  distinguish  it,  such  as  a  rosette-like  forma- 
tion on  a  flattened  granule  or  a  round  depression  at  one  end.  It  does 
not  polarize  as  actively  as  maize  starch,  and  can  be  distinguished  from 
rice  by  the  greater  angularity  of  the  latter. 

Pepper  starch  (Fig.  65,  Plate  XXYIII)  is  the  most  minute  starch  that 
is  usually  met  with,  not  averaging  over  .001°^™,  nor  exceeding  .005. 
It  is  irregularly  polyhedral,  polarizes  well,  but  requires  a  high  power  to 
discover  any  detail  when  a  hilum  is  found.  It  cannot  be  confused  with 
other  starches. 

Cinnamon  starch  (Fig.  46,  Plate  XXIY,  and  Fig.  m,  Plate  XXYIII) 
has  an  extremely  irregular,  polyhedral  or  distorted  granule,  often 
united  in  groups  with  smaller  granules  adherent  to  the  larger  one?.  In 
size  it  varies  from  .001  to  .025,  averaging  nearly  the  latter  size.  In 
some  granules  a  hilum  can  be  distinguished,  but  no  rings.  It  is  read- 
ily detected  with  polarized  light. 

BucJcwheat  starch  (Fig.  62,  Plate  XXYIII)  is  very  characteristic.  It 
consists  of  chains  or  groups  of  angular  granules,  with  a  not  very  evi- 
dent circular  nucleus  and  without  rings.  The  outline  is  strikingly 
angular  and  the  size  not  very  variable,  being  about  .01  to  .015. 

Maize  or  corn  starch  (Fig.  33,  Plate  XYII,  and  Fig.  54,  Plate  XXYL). 
— The  granules  of  corn-starch  are  largely  of  the  same  size,  from  .02  to 
()3mm  JQ  diameter,  with  now  and  then  a  few  which  are  much  smaller. 
They  are  mostly  circular  in  shape  or  rather  polyliedral,  with  rounded 
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angles.  Tbey  form  very  brilliant  objects  with  polarized  light,  but  with 
ordiuary  illumiiiatiou  show  but  the  faintest  sign  of  rings,  and  a  well-de- 
veloped liilum,  at  times  star-shaped,  and  at  others  more  like  a  circular 
depression. 

Bice  starch  (Figs.  35  and  36,  Plate  XVIII,  and  Fig.  5o,  Plate  XXVI) 
is  very  similar  to  corn  starch,  and  easily  confused  with  it,  being  about 
the  same  size.  It  is,  however,  distinguished  from  it  by  its  polygonal 
form,  and  its  well-defined  angles.  The  hilum  is  more  prominent  and 
more  often  stellate  or  linear.     Several  granules  are  at  times  united. 

Wheat  starch  (Fig.  34,  Plate  XVII,  and  Fig.  50,  Plate  XXVI)  is  quite 
variable  in  size,  varying  from  .05  to  .012^'^™  in  diameter.  It  belongs  to 
the  same  class  as  barley  and  rye,  the  hilum  being  invisible  and  the 
rings  not  prominent.  The  granules  are  circular  disks  in  form,  and 
there  are  now  and  then  contorted  depressions  resembling  those  in  pea 
starch.  It  is  the  least  regular  of  the  three  starches  named  and  does 
not  polarize  actively. 

Barleij  starch  (Fig.  37,  Plate  XIX,  and  Fig.  51,  Plate  XXVI)  is  quite 
similar  to  that  of  wheat,  but  does  not  vary  so  much  in  size,  averaging 
Q5mm  .  ]jr^g  rings  \vhich  are  much  more  distinct,  and  very  small  granules 
adhering  to  the  largest  in  bud-like  forms. 

Eye  starch  (Fig.  52,  Plate  XXVI)  is  more  variable  in  size,  many  of  the 
granules  not  exceeding  .02"^^"^,  while  the  largest  reach  .06  to  .07'"™.  It 
lacks  distinctive  characteristics  entirely,  and  is  the  most  simple  in  form 
of  all  the  starches  we  have  described. 

Oat  starch  (Fig.  38,  Plate  XIX,  and  Fig.  53,  Plate  XXVI)  is  unique, 
being  composed  of  large  comi3ound  masses  of  polyhedral  granules  from 
.12  to  .02™""  in  length,  the  single  granules  averaging  .02  to  .015  mm.  It 
dofes  not  polarize  actively  as  may  be  seen  in  figure  and  plate,  and  dis- 
plays neither  rings  nor  hilum.  The  illustration  shows  its  nature  with 
accuracy. 

Our  descriptions,  it  will  be  seen,  do  not  agree  entirely  with  those  of 
other  authors,  which  in  the  same  way  do  not  agree  among  themselves. 

This  shows  a  variation  in  the  peculiarities  of  size,  shape,  &c.,  which 
must  be  carefull^^  allowed  for,  and  the  necessity  for  every  investigator 
to  compare  a  starch  which  he  is  desirous  of  identifying  with  authentic 
specimens. 

STB.UCTURE   AND   PECULIARITIES  OF  THE    COMIMONER   ADULTERANTS. 

Before  proceeding  to  the  consideration  of  the  normal  structure  and 
composition  of  the  spices  and  condiments  and  the  adulterations  detected 
in  commercial  specimens,  it  is  well  to  become  familiar  with  the  charac- 
teristics of  the  common  adulterants  and  materials  which  are  liable  to 
be  used  for  this  purpose. 

The  starches  have  been  already  described  and  their  value  as  a  means 
of  identifying  different  vegetable  materials  noted.  By  this  means  we  are 
able  to  detect  the  different  cereals  which  are  often  added  as  diluents. 
22823— Bull.  13,  pt.  2 3 
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Maize^  or  corn  as  it  is  commonly  known,  is  a  common  adulterant.  By 
selecting  particles  from  the  ground  material  and  crushing  them  the 
character  of  the  starch  may  be  recognized,  but  in  a  cursory  examina* 
tion  the  first  sign  of  the  presence  of  this  cereal  is  the  discovery  of  one 
of  the  thin  outer  coats  of  the  grain  which  becomes  detached  in  milling 
and,  being  tough,  is  not  readily  reduced.  In  yellow  corn  it  has  a  pecul- 
iar pinkish  color  and  simple  structure  of  longitudinal  cells.  One  should 
learn  to  recognize  it  from  a  specimen  ground  for  the  purpose. 

Bice,  which  in  its  broken  unmarketable  form  is  sometimes  used  as  a 
diluent,  may  be  recognized  by  the  brilliant  appearance  of  the  hard  white 
particles  Tvhich  must  be  picked  out  of  the  spice  under  a  hand  lens, 
crushed,  and  examined  as  usual.    Eice  bran  has  not  been  met  with. 

The  two  cereals  named  are  the  only  ones  which  are  commonly  met 
with  which  introduce  starch.  Earely  clean  tvheat  bran  is  added,  which 
can  be  recognized  by  its  distinctive  structural  character,  illustrated  in 
many  hand  books,  but  which  can  be  learned  much  better  from  an  authen- 
tic siDccimen,  wbich  should  be  soaked  in  chloral  hydrate. 

As  modified  cereals,  we  find  refuse  bread,  cracker-dust,  and  ship-bread 
in  which  the  wheat  starch  is  much  changed  from  its  original  form  by 
the  heat  and  moisture  of  the  cooking  process  so  that  at  times  it  might 
be  confused  with  a  leguminous  starch.  The  softness  of  the  particles 
and  the  ease  with  which  they  fall  to  pieces  in  water  reveals  the  nature 
of  the  material.    It  is  a  common  diluent. 

Oil-seed,  oil-ca'ke,  and  husks  are  very  commonly  used  in  many  parts  of 
the  country  for  purposes  of  sophistication.  They  are  most  readilj^  recog- 
nized by  the  peculiar  structure  of  the  outer  coats  of  the  seed.  The 
particles  which  can  usually  be  found  and  selected  with  a  dissecting  mi- 
croscope should  be  examined  in  alcohol  or  glycerine,  or  a  mixture  of 
the  two,  as  the  outer  coats  of  some  seeds,  such  as  mustard,  are  swollen 
by  water  and  become  indistinct.  The  appearance  of  mustard  hulls  is 
given  on  page  172,  and  the  many  varieties  of  the  cruciferous  seeds  re- 
semble it  much,  so  that  it  is  difficult  to  distinguish  them,  which  is,  how> 
ever,  not  important.  They  are  generally  distinguished  by  the  outei 
layer  of  hexagonal  cells,  and  a  middle  and  an  inner  coating  which  con- 
sist  of  peculiar  angular  cells,  the  latter  much  larger  than  the  former, 
which  are  the  most  characteristic,  and  should  be  compared  with  speci. 
mens  of  seed  of  known  origin.  The  structure  of  some  of  them  is  dia- 
gram atically  presented  in  fig.  6,  from  Schimper.  After  soaking  in  chlo. 
ral  hydrate  the  remaining  interior  layers  are  perhaps  more  easily  made 
out,  and  in  some  cases  after  moderate  bleaching  with  nitric  acid  anci 
chlorate.    The  interior  of  these  seeds  is  not  blued  by  iodine. 

Feanut  or  groundnut  c«Ae  is  recognized  by  the  characteristic  struct- 
ure of  the  red-brown  coat  which  surrounds  the  seed,  which  consists  of 
polygonal  cells  with  peculiar  saw-toothed  thickening  of  the  walls.  The 
seed  itself  consists  of  polygonal  cells,  full  of  oil  and  starch  granules, 
which  are  globular  in  form  and  not  easily  confused  with  pepper  starch. 
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The  structure  of  the  brown  membrane  is  best  made  out  in  chloral  hy- 
drate, which  removes  the  red  color  and  leaves  the  fragments  of  a  bright 
yellow. 

Linseed  cake  distinguished  by  the  fact  that  its  husk  is  made  up  of 
one  or  two  characteristic  elements.  The  outer  coat  or  epiderimis  is 
colorless  and  swells  up  in  water,  forming  a  mucilage  like  the  mustard 
seed.  Beneath  this  is  a  layer  of  thin  round  yellow  cells,  while  the  third 
is  very  characteristic,  and  consists  of  narrow,  very  thick- walled  dotted 
vessels.  Kext  to  these  is  an  inner  layer  of  compact  polygonal  cells, 
with  fairly  thin  but  still  thickly  dotted  white  walls  and  dark-brown  con- 
tents, containing  tannin.  The  endosperm  and  embryo  are  free  from 
starch  5  nor  are  they  cohered  yellow  by  potash,  as  is  the  case  with  mus- 
tard and  rape  cake. 


Fig.  6. 


Fig.  7. 


Fig.  8. 


Fig.  9. 


Fig.  6.  Rape-seed  husk  (exterior  surface). 

Fig.  7.  Linseed  kusk.    A  more,  B  less  magnified. 

Fig.  8.  Almond  shell  fragment,     h  hairs,  g  spiral  vessels.     X  70, 

Fig.  9.  Palm-seed.     Interior.     X  240.     (After  Schimper.) 

Palm-cake  is  probably  not  common  enough  in  this  country  to  be  used 
as  an  adulterant;  nor  are  olive  stones,  which  as  they  consist,  after 
bleaching  with  Schulze's  reagent,  almost  entirely  of  very  thick  stone 
cells,  are  easily  made  out  under  polarized  light. 

Cocoanut  shells  are  often  used,  it  ^eems  from  the  evidence  of  the  Can- 
adian analysts.  They  are  similar  to  the  olive  stones  in  structure  but 
more  complicated,  as  in  addition  to  the  numerous  short  stone  cells  there 
are  many  long  ones  with  thinner  walls,  and  here  and  there  spiral  ves- 
sels, from  the  fibrous  tissue,  all  of  which  are  only  readily  seen  after 
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bleaching.  When  the  shells  are  roasted  or  charred  they  refuse  to  bleach, 
and  it  is  then  only  possible  to  class  the  particles  on  which  the  reagents 
do  not  act  as  roasted  shells  or  charcoal.  They  are  frequently  used  in 
peppers  to  give  color  to  material  rendered  too  light  by  white  adult- 
erants. 

The  composition  of  these  substances  is  shown  in  the  following  deter- 
mination which  reveal  the  effect  of  their  addition  upon  the  normal 
composition  of  the  spices : 


Water 

Ash 

Fiber 

Albuminoids 
Nitrogen  — 


Olive 

Cocoanut 

stones. 

shells. 

5.63 

6.15 

4.28 

2.13 

41.33 

37.15 

1.56 

1.25 

.25 

.20 

More  in  regard  to  olive  stones  will  be  learned  when  the  discussion  of 
the  adulteration  of  pepper  is  considered. 

Buckicheat  hulls  after  bleaching  with  Schulze's  reagent  show  a  pre- 
ponderance of  tissue  made  up  of  long,  slender,  and  pointed  scleren- 
chyma  cells  and  a  smaller  amount  of  reticulated  tissue  resembling  the 
cereals  somewhat  and  cayenne  pepper.  Portions  of  the  endosperm  or 
interior  of  the  seed  are  also  visible,  and  consist  of  an  agglomeration  of 
small  hexagonal  cells  which  originally  contained  starch.  The  starch  is 
readily  recognized  by  its  peculiar  characteristics.  The  sclerenchyma 
is,  of  course,  optically  active  and  forms  a  beautiful  and  distinctive  ob- 
ject with  polarized  light. 

Sawdust  of  various  woods  may  be  recognized  by  the  fragments  of 
various  spiral  and  dotted  vessels  and  fibrous  material  which  are  not 
found  in  the  spices  or  other  adulterants. 

Baric,  in  some  parts  of  the  world  a  common  addition  to  pepper,  is  de- 
tected by  its  stone  cells,  which  are  larger  than  those  of  pepper,  and  of 
different  form  and  more  numerous,  and  by  its  fibrous  vessels  which  are 
made  out  readily  after  bleaching.  The  source  of  a  particular  bark  can- 
not, however,  be  made  out. 

Bice  bran.— This,  as  several  other  similar  products,  is  made  up  promi- 
nently of  two  series  of  cells  at  right  angles  to  each  other,  which  make 
up  the  outer  coats  of  the  grain.  The  structure  is  best  made  out  after 
soaking  in  chloral-hydrate.  The  cells  of  one  series  are  long,  small,  and 
thin-walled,  and  are  arranged  in  parallel  bundles.  The  others  have 
very  much  thickened  walls,  and  are  only  two  or  three  times  as  long  as 
broad.  They  are  at  times  distinguished,  for  convenience,  as  the  longi- 
tudinal and  transverse  cells.  The  remaining  layers  of  the  bran  are  not 
prominent. 

Clove  stems,  used  frequently  as  a  diluent,  can  be  distinguished  by  their 
peculiar  yellow-dotted  vessels  and  their  large  and  quite  numerous  stone- 
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cells,  neither  of  which  are  seen  prominently  in  the  substances  which 
are  adulterated. 

These  suggestions  of  the  peculiarites  of  the  different  adulterants 
should,  of  course,  be  confirmed  and  supplemented,  and  the  eye  accus- 
tomed to  recognize  their  structure  by  means  of  a  study  of  the  actual 
substances,  which  should  always  be  at  hand  in  the  dry  and  ground  con- 
dition for  reference.  Quickness  and  certainty  will  be  much  advanced 
by  such  facilities. 

Eeference  may  also  be  fittingly  made  here  to  chemical  operations  of 
a  general  nature,  which  are  applicable  to  all  the  spices. 

CHEMICAL  EXAMINATION. 

Determinations  of  a  quantitative  nature  should  include — 

Water. — A  portion  of  the  i)owdered  spice  which  should  pass  a  60- 
mesh  sieve,  one  gram,  is  to  be  dried  at  105  o  to  110  o  C.  in  an  air 
bath,  provided  with  a  regulator,  until  on  successive  weighings  a  gain  is 
found  showing  that  oxidation  has  begun.  Twelve  hours,  or  overnight, 
usually  sufiQces.  The  loss  is  water,  together  with  the  largest  part  of 
the  volatile  oil.  Deduction  of  the  volatile  oil,  as  determined  in  the 
ether  extract,  will  give  a  close  approximation  to  the  water. 

Ash. — In  the  same  portion  the  ash  is  determined  by  incineration  at  a 
very  low  temperature,  such  as  may  be  best  obtained  in  a  gas  mufde, 
which  is  a  most  convenient  arraagement  for  work  of  this  description, 
and  far  superior  to  any  kind  of  lamp  or  burner.  The  proportion  of  ash 
insoluble  in  acid  may  also  be  determined  where  there  is  reason  to  be- 
lieve that  sand  is  present. 

Volatile  oil  and  ether  extract. — Two  grams  of  the  substance  are  ex- 
tracted for  twenty  hours  in  a  siphoniug  extraction  apparatus  on  the 
Soxhlet  principle,  with  Squibbs's  best  ether.  The  apparatus  we  use  in 
this  laboratory,  arranged  by  Mr.  A.  E.  Knorr,  he  describes  as  follows; 

The  substance  under  examiuatiou  is  placed  in  a  test  tube,  which  is  then 
inserted  into  a  continuous  extraction  apparatus  of  the  intermittent  si- 
phon class.  The  tubes  used  for  this  purpose  are  ordinary  test  tubes, 
the  bottom  of  which  has  been  blown  out.  A  wad  of  washed  cotton  of 
sufficient  thickness  is  put  iuto  the  lower  end  of  the  tubes  to  prevent 
any  solid  particles  of  the  sample  from  finding  their  way  into  the  receiv- 
ing flask ;  another  wad  of  cotton  is  packed  on  top  of  the  sample,  and 
the  apparatus  is  then  so  adjusted  that  the  condensed  ether  drops  into 
the  tube,  and,  percolating  through  the  sample,  siphons  into  the- receiving 
flask,  when  the  operation  is  continued  ad  infinitum. 

It  is  absolutely  necessary  to  use  the  best  Squibbs's  ether  in  order  to 
avoid  extracting  substances  other  than  oil  and  soluble  in  alcohol,  and  to 
continue  the  extraction  for  at  least  the  time  named,  as  piperine  and 
several  other  proximate  principles  are  not  extremely  soluble  in  ether. 
If  these  precautions  are  followed  we  have  found  no  difficulty  in  extract- 
ing all  the  piperine,  for  example,  and  obtaining  duplicate  results  of 
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great  accuracy.  On  stopping  the  extraction  the  extract  is  washed  into 
a  light  weighed  glass  dish,  and  the  ether  allowed  to  evaporate  sponta- 
neously and  not  too  rapidly,  as  in  the  latter  case  water  is  condensed  in 
the  dish,  which  it  is  diflacult  to  remove.  When  the  ether  has  disap- 
peared— which  ought  not  to  take  too  long,  as  in  that  case  some  oil  is  vol- 
atilized— the  dish  is  placed  in  a  large  dessicator,  with  pumice  and  sul- 
phuric acid — chloride  of  calcium  having  been  shown  to  be  useless* — and 
allowed  to  remain  overnight,  to  remove  any  moisture.  The  loss  of  oil 
by  this  process  is  hardly  appreciable.  The  dish  is  then  weighed,  and 
afterwards  heated  to  110  o  0.  for  some  hours,  to  drive  off  the  volatile 
oil,  beginning  at  ^  rather  low  temperature,  as  the  oil  is  easily  oxidized, 
and  then  is  not  volatile.  The  residue  is  weighed,  the  difference  being 
calculated  to  volatile  oil,  and  then  examined  as  to  its  composition  of 
purity.  The  results  are  fairly  satisfactory,  as  appears  from  the  follow- 
ing duplicates : 

Duplicate  fat  and  volatile  oil  determinations  in  spices. 


No. 

Percent. 

Per  cent. 

No. 

Percent. 

Per  cent 

4629 

5.49 

8.38 

4632 

4.11 

3.66 

4629 

5.23 

8.51 

4632 

3.93 

4.22 

4630 

5.15 

6.54 

4633 

5.06 

6.94 

4630 

4.72 

6.50 

4633 

5.33 

7.68 

4631 

6.64 

13.19 

4634 

5.15 

3.50 

4631 

6.84 

12.14 

4634 

2.26 

3.59 

Alcohol  extract. — This  may  be  made  in  the  same  manner  as  the  ether 
extract,  using,  of  course,  the  substance  already  extracted.  The  solvent 
may  be  either  absolute  alcohol,  that  of  95  per  cent,  by  volume,  or  80 
per  cent,  by  weight.  The  latter  is  preferable  in  most  cases,  as  there  is 
no  definite  point  with  the  stronger  spirit  at  which  the  extraction  is 
complete. 

In  the  investigation  of  spices  merely  for  adulteration  this  extraction 
is  of  little  value. 

Starch,  &c.,  reducing  sugars. — The  amount  of  reducing  material  pro- 
duced by  boiling  the  spices  with  dilute  acid  serves  with  several  as  an 
index  of  purity.  In  the  case  of  pepper,  which  contains  naturally  a  large 
amount  of  starch,  the  addition  of  the  common  fibrous  adulterants  re- 
duces the  equivalent  of  reducing  sugars  which  are  indicated  by  Fehl- 
ing's  solution  after  boiling  with  acid.  Lenz  and  several  others  have 
examined  the  value  of  this  determination.  The  conclusions  which  are 
deducible  from  their  experience  and  our  own  are  that  with  attention  to 
proper  condition  to  insure  complete  conversion  to  dextrose  the  results 
are  of  value,  though  apt  to  fall  out  too  low.  It  has  been  found  desirable 
in  our  laboratory  to  run  as  a  check  a  parallel  determination  on  a  sub- 
stance of  known  reduction  equivalent.  In  this  wa^'  any  variation  may 
be  detected. 

*  Fleischer,  E.,  1884,  Zeit.  Aiial.  Chem.,  23,  33. 
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The  method  of  Lenz  is  described  under  pepper  and  its  composition. 
The  conditions  which  we  have  found  most  desirable  are  as  follows  : 

The  2  to  5  grams  of  the  material,  usually  4,  which  should  pass  an  80- 
mesh  sieve,  must  be  extracted  with  strong  alcohol  and  with  cold  water 
for  some  time  to  remove  substances  not  starch  which  might  be  acted  on 
by  the  acid  or  reduce  Fehliug's  solution.  Then,  without  drying,  it  is 
washed  off  the  filter  into  an  Erlenmeyer  flask  with  about  175  c.  c.  of 
water  and  enough  strong  0.  P.  hydrochloric  acid  added,  about  25  c. 
c,  to  make  the  liquid  4  to  5  per  cent,  of  acid  gas.  The  flask  is  then 
supplied  with  a  condenser  and  boiled  for  four  hours,  or  the  liquid  may 
be  put  in  a  patent  rubber-stoppered  beer  bottle  and  digested  in  a  steam 
bath  ;  but  the  latter  method  is  not  as  certain.  After  the  boiling  and 
cooling,  the  residue  is  filtered  out,  the  liquid  accurately  neutralized 
with  sodic  hydrate  and  made  up  to  500  c.  c.  It  is  then  titrated  a^ 
usually,  and  can  be  calculated  to  glucose  or  starch  on  any  basis  desired. 
Thorough  previous  extraction  and  uninterrupted  boiling  are  the  two 
most  important  conditions.  Without  extraction  the  results  are  most 
uncertain  and  unreliable. 

Determination  of  tannin. — The  amount  of  tannin  in  certain  spices,  such 
as  cloves  and  allspice,  is  quite  constant  when  they  are  of  good  quality. 
Dr.  Ellis  of  Toronto  has  therefore  recommended  this  as  a  good  means  of 
detecting  adulteration  in  these  spices.  He  has  published  as  yet  noth- 
ing in  regard  to  his  methods  of  application.  In  oui  exi)eriments  it  has 
been  found  to  be  of  some  value,  but  that  it  is  hardly  worth  while  as  a 
mere  aid  to  the  detection  of  adulteration  to  go  so  far  as  the  actual  de- 
termination of  tannin,  it  being  quite  sufficient  to  determine  the  amount 
of  material  oxidizable  with  permanganate  which  is  extracted  by  water 
after  the  careful  removal  of  the  oil,  &c.,  by  ether.  This  avoids  the 
tedious  use  of  hide  powder,  or  glue,  and  furnishes  results  which  are  rel- 
atively of  the  same  value. 

The  analyst  should  therefore  prepare  himself  for  carrying  out  the 
first  part  of  the  modified  Lowenthal  process,  as  it  is  described  in  Sutton,* 
and  more  elaborately  in  the  Berichte  tiber  die  Yerhandlungen  der  Com- 
mission zur  Bestellung  einer  einheitliche  Methode  der  Gerbstoffbe- 
stimmung,  and  in  Annales  de  la  Science  agronomique,  Tome  I,  1886. 

Particular  pains  should  be  taken  to  secure  a  good  article  of  indigo 
carmine,  as  without  this  the  results  are  unreliable.  That  recommended 
by  Schroder  is  manufactured' by  Gehe  &  Co.,  of  Dresden,  and  is  known 
as  Garminum  ccerideum.     It  should  be  imported  for  use. 

Without  going  into  particulars  as  to  the  reagents  employed  in  the 
process,  which  are  probably  familiar  to  all,  a  few  words  of  caution  as 
to  detail  of  manipulation  will  be  of  value. 

As  has  been  said,  preliminary  extraction  of  the  material  with  Squibbs 
best  ether  is  necessary  to  remove  oil  and  o^her  substances  not  tannin, 
on  which  the  permanganate  may  act.  Ordinary  ether  will  not  answer, 
*  Sutton,  Volumetric  Analysis,  3d  edition,  pp.  276. 
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as  it  contains  so  mucli  alcohol  and  water  as  to  dissolve  some  of  the  tan- 
nin. The  substance  freed  from  ether  should  be  extracted  with  boiling 
water,  and  the  extract  made  up  to  such  dilution  that  10  c.  c.  is  equal  to 
about  10  c.  c.  of  the  thirtieth  normal  permanganate  solution  used.  The 
titration  must  be  performed  slowly  to  insure  accuracy,  the  permanganate 
being  run  in  at  a  rate  of  not  more  than  a  drop  in  a  second  or  three 
in  two  seconds.  The  eye  must  become  accustomed  to  the  bleaching  of 
the  indigo  and  select  some  one  tint  of  yellow  as  the  end  of  reiaction.  It 
js  then  possible  to  obtain  duplicates  agreeing  within  .1  c.  c.  even  on  en- 
tirely different  tests,  as  the  following  figures  show : 


Serial 
No. 

C.  c.  of 
Perm. 

Per  ct.  of 
tanuin. 

4904 

4.  33 
4.3 
4.35 
4.15 

22.46 
22.  3(5 
22.62 
21.58 

The  results  may  be  calculated  to  oxygen  consumed  or  to  percentage 

of  quercitannic  acid,  which  would  not  be  strictly  correct,  1  c.  c.  of  - 

permanganate  being  equivalent  to. 0052  grams  of  quercitannic  acid.  The 
results  obtained  with  cloves  and  allspice  will  be  found  under  those 
spices. 

Crude  fiber. — This  is  a  merely  relative  determination,  as  the  term 
crude  fiber  designates  nothing  absolute  beyond  the  fact  that  a  cer- 
tain amount  of  substance  is  insoluble  in  acid  and  alkali  of  certain 
strength  after  treatment  for  a  definite  length  of  time  at  a  definite  tem- 
perature. The  conditions  selected  by  us  are,  2  grams  of  substance,  200 
c.  c.  of  5  per  cent,  hydrochloric  acid,  steam  bath  two  hours,  raising  the 
liquid  to  a  temperature  of  90^  to  95^^  C,  fiilratiou  on  linen  cloth,  washing 
back  into  beaker  with  200  c.  c.  5  percent,  sodic  hydrate,  steam  bath  two 
hours,  filtration  on  asbestos,  washing  with  hot  water,  alcohol,  and  ether, 
drying  at  120^  weighing,  ignition  and  crude  fiber  from  loss  in  weight. 
This  method  agrees  practically  with  that  known  as  the  Weeude  method, 
and  while  furnishing  results  which  are  of  some  comparative  value, 
leaves  much  to  be  desired.  The  subject  will  probably  be  reviewed  soon 
by  the  Associationof  Official  Agricultural  Chemists  of  theUnited  States- 

Nitrogen  and  albuminoids. — The  methods  of  determining  nitrogen  and 
albuminoids  have  been  discussed  and  described  at  length  in  Bulletin 
No.  12  of  this  division.  The  details  of  the  method  of  Kjeldahl,  as  given 
by  Dr.  Jenkins,  which  is  the  most  convenient,  are  as  follows  : 

Determination  of  nitrogen  by  the  method  of  Kjeldahl. 

REAGEXTS    AND   APPARATUS. 

(1)  Hydrochloric  acid  whose  absolute  strength  has  been  determined,  (a)  by  precipi- 
tating with  silver  nitrate  aud  weighing  the  silver  chloride,  (b)  by  sodium  carbonate, 
as  described  in  Fresenius's  Quantitative  Analysis,  second  American  edition,  page  680; 
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and  (c)  by  determining  the  amount  neutralized  by  tbe  distillate  from  a  weighed  quan- 
tity of  i)ure  ammonium  chloride  boiled  with  an  excess  of  sodium  hydrate. 

(2)  Standard  ammonia  whose  strength,  relative  to  the  acid,  has  been  accurately 
determined. 

(3)  ''C.  P."  sulphuric  acid,  Sp.  Gr.  1.83,  free  from  nitrates  and  also  from  ammo- 
nium sulphate,  which  is  sometimes  added  in  the  process  of  manufacture  to  destroy 
oxides  of  nitrogen. 

(4)  Mercuric  ox'de,  HgO,  prepared  iu  the  wet  way.  That  prepared  from  mercury 
nitrate  cannot  safely  be  used. 

(o)  Potassium  permanganate  tolerably  finely  pulverized. 

(6)  Granulated  ziuc. 

(7)  A  solution  of  40  grams  of  commercial  potassium  sulphide  in  one  liter  of  water- 

(8)  A  saturated  solution  of  sodium  hydrate  free  from  nitrates,  which  are  sometimes 
added  in  the  process  of  manufacture  to  destroy  organic  matter  and  improve  the  color 
of  the  product. 

(9)  Solution  of  cochineal  prepared  according  to  Fresenius's  Quantitative  Analysts, 
second  American  edition,  page  679. 

(10)  Burettes  should  be  calibrated  in  all  cases  by  the  user. 

(11)  Digestion  flasks  of  hard,  moderately  thick,  well-annealed  glass.  These  flasks 
are  about  9  inches  long,  with  a  round,  pear-shaped  bottom,  having  a  maximum  di- 
ameter of  2^  inches,  and  tapering  out  gradually  in  a  long  neck,  which  is  three-fourth- 
of  an  inch  in  diameter  at  the  narrowest  part,  and  flared  a  little  at  the  edge.  The 
total  capacity  is  225  to  250  cubic  centimeters. 

(12)  Distillation  flasks  of  ordinary  shape,  550  cubic  centimeters'  capacity,  and  fitted 
with  a  rubber  stopper  and  a  bulb  tube  above  to  prevent  the  possibility  of  sodium 
hydrate  being  carried  over  mechanically  during  distillation.  This  is  adjusted  to  the 
tube  of  the  condenser  by  a  rubber  tube. 

(13)  A  condenser.  Several  forms  have  been  described,  no  one  of  which  is  equally 
convenient  for  all  laboratories.  The  essential  thing  is  that  the  tube  which  carries 
the  steam  to  be  condensed  shall  be  of  block  tin.  All  kinds  of  glass  are  decomposed  by 
steam  and  ammonia  vapor,  and  will  give  up  alkali  enough  to  impair  accuracy.  (See 
Kreussler  and  Henzold,  Ber.  Berichte,  XVII,  34.)  The  condenser  in  use  in  the  labora- 
tory of  the  Conn.  Exp.  Station,  devised  by  Professor  Johnson,  consists  of  a  copper  tank 
supported  by  a  wooden  frame,  so  that  its  bottom  is  II  inches  above  the  work-bench 
on  which  it  stands.  This  tank  is  16  inches  high,  32  inches  long,  and  3  inches  wide  from 
front  to  back,  widening  above  to  6  inches.  It  is  provided  with  a  water-supply  tube 
which  goes  to  the  bottom  and  a  larger  overflow  pipe  above.  The  block-tin  condensing 
tubes,  whose  external  diameter  is  |  of  an  inch,  7  in  number,  enter  the  tank  through 
holes  in  the  front  side  of  it  near  the  top,  above  the  level  of  the  overflow,  and  pass 
down  perpendicularly  through  the  tank  and  out  through  rubber  stoppers  tightly  fitted 
into  holes  in  the  bottom.  They  project  about  11  inches  below  the  bottom  of  the  tank, 
and  are  connected  by  short  rubber  tubes  with  glass  bulb  tubes  of  the  usual  shape, 
which  dip  into  glass  precipitating  beakers.  These  beakers  are  6|  inches  high,  3 
inches  in  diameter  below,  somewhat  narrower  above,  and  of  about  500  cubic  centi- 
meters capacity.  The  titration  can  be  made  directly  in  them.  The  seven  distillation 
flasks  are  su])ported  on  a  sheet-iron  shelf  attached  to  the  wooden  frame  that  supports 
the  tank  in  front  of  the  latter.  Where  each  flask  is  to  stand  a  circular  hole  is  cut, 
with  three  projecting  lips,  which  support  the  wire  gauze  under  the  flask,  and  three 
other  lips  which  hold  the  flask  in  place  and  prevent  its  moving  laterally  out  of  place 
while  distillation  is  going  on.  Below  this  sheet-iron  shelf  is  a  metal  tube  carrying 
seven  Bunaen  burners,  each  with  a  stop-cock  like  those  of  a  gas  combustion  furnace. 
These  burners  are  of  larger  diameter  at  the  top,  which  prevents  smoking  when  cov- 
ered with  fine  gauze  to  prevent  the  flame  from  striking  back. 

(14)  The  stand  for  holding  the  digestion  flasks  consists  of  a  pan  of  sheet-iron  29 
inches  long  by  8  inches  wide,  on  the  front  of  which  is  fastened  a  shelf  of  sheet-iron 
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as  long  as  tlie  pan,  5  inclies  -wide  and  4  inches  high.  In  this  are  cut  six  holes  If 
inches  in  diameter.  At  the  back  of  the  pan  is  a  stout  wire  running  lengthwise  of 
the  stand,  8  inches  high,  with  a  bend  or  depression  opposite  each  hole  in  the  shelf. 
The  digestion  flask  rests  with  its  lower  part  oyer  a  hole  in  the  shelf  and  its  neck' in 
one  of  the  depressions  in  the  wire  frame,  which  liolds  it  securely  in  position.  Heat 
is  supplied  by  low  Bunsen  burners  below  the  shelf.  Dr.  Jenkins  has  used  asbestus 
paper  under  the  flasks,  but  finds  that  with  a  little  care  the  naked  flame  can  be  applied 
directly  to  the  flask  without  danger. 

THE   DETERMIXATIOX. 

One  gram  of  the  substance  to  be  analyzed  is  brought  into  a  digestion  flask  with  ap- 
proximately 0.7  gram  of  mercuric  oxide  and  20  cubic  centimeters  of  sulphuric  acid. 
The  flask  is  placed  on  the  frame  above  described  in  an  inclined  position  and  heated  be- 
low the  boiling  point  of  the  acid  for  from  five  to  fifteen  minutes,  or  uutilfrothiug  has 
ceased.  The  heat  is  then  raised  till  the  acid  boils  briskly.  No  further  attention  is 
required  till  the  contents  of  the  flask  has  become  a  clear  liquid,  which  is  colorless  or 
at  least  has  only  a  very  pale  straw  color.  The  flask  is  then  removed  from  the  frame, 
held  upright,  and  while  still  hot,  i)otassium  permanganate  is  dropped  in  carefully 
and  in  small  quantity  at  a  time  till  after  shaking  the  liquid  remains  of  a  green  or 
purple  color.  After  cooling,  the  contents  of  the  flask  are  transferred  to  the  distilling 
flask  with  water,  and  to  this  25  cubic  centimeters  of  potassium  sulphide  solution  are 
added,  50  cubic  centimeters  of  the  soda  solution,  or  sufficient  to  make  the  reaction 
strongly  alkaline,  and  a  few  x^ieces  of  granulated  zinc.  The  flask  is  at  once  con- 
nected with  the  condenser  and  the  contents  of  the  flask  are  distilled  till  all  a:umonia 
has  passed  over  into  the  standard  acid  contained  in  the  precipitating  flask  previously 
described  and  the  concentrated  solution  can  no  longer  be  safely  boiled.  This  opera- 
tion usually  requires  from  twenty  to  forty  minutes.  The  distillate  is  then  titrated 
with  standard  ammonia. 

The  use  of  mercuric  oxide  in  this  operation  greatly  shortens  the  time  necessary  for 
digestion,  which  is  rarely  over  an  hour  and  a  half  in  the  case  of  substances  most  diffi- 
cult to  oxidize  and  is  more  commonly  less  than  an  hour.  In  most  cases  the  use  of 
potassium  permanganate  is  quite  unnecessary,  but  it  is  believed  that  in  exceptional 
cases  it  is  required  for  complete  oxidation,  and  in  view  of  the  uncertainty  it  is  always 
used.  Potassium  sulphide  removes  all  mercury  from  solution  and  so  prevents  the 
formation  of  mercuro-ammonium  compounds  which  are  not  completely  decomposed 
by  soda  solution.  The  addition  of  zinc  gives  rise  to  an  evolution  of  hydrogen  and 
prevents  violent  bumping.  Previous  to  use  the  reagents  should  be  tested  by  a  blank 
experiment  with  sugar,  which  will  partially  reduce  any  nitrates  that  are  present 
which  might  otherwise  escape  notice. 

This  method  cannot  be  used  for  the  determination  of  nitrogen  in  substances  which 
contain  nitrates  or  certain  albuminoids. 

In  case  non-albuminoid  nitrogen  is  to  be  determined  reference  can 
be  made  to  Stutzer  and  Ladd.* 

These  methods  of  analysis  are  suitable  to  all  the  spices  and  have 
been  used  with  them.  They  are  nothing  but  general  processes,  and 
are  dependent  for  their  value  on  uniformity  in  the  way  they  are  carried 
-out  and  the  manner  in  which  peculiarities  of  proximate  composition  in 
different  spices  are  considered  in  drawing  conclusions.  Determinations 
of  particular  snbstances,  such  as  piperine,  require,  however,  modifica- 
tions, which  must  be  described  when  discussing  the  analyses  of  each 
spice. 

*Eept.  anal.  Chem.,  5,  162,  163;  Abs.  Bfer.,  19,  1885;  and  Ladd  Kept,  of  New 
York  Agric.  Exp.  Sta.,  1886. 
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MUSTARD. 


Mustard  of  commerce  is  the  seed,  whole  or  ground,  of  several  species 
of  the  genus  Brassica,  cruciferous  plants  which  grow  wild  and  are  cul- 
tivated under  very  various  conditions.  The  two  common  varieties  are 
the  black  or  brown  mustard,  which  has  a  very  small  seed  and  furnishes 
the  most  uroma,  and  the  white,  which  is  two  or  three  times  as  large, 
often  used  in  the  whole  condition  in  pickles  aiid  ground,  either  by  itself 
or  oftener  in  mixture  with  the  brown  seed,  for  the  purpose  of  obtaining 
the  desirable  qualities  of  both. 

In  the  ground  mustard  is  found  only  the  interior  of  the  seed  and 
small  i)ortions  of  the  husks  which  have  escaped  the  operation  of  bolt- 
ing, which  is  always  employed  to  remove  the  coarse  fragments.  The 
presence  of  these  particles  from  their  characteristic  structure  enable 
us  to  recognize  the  source  from  which  the  flour  is  derived  and  to  detect 
the  use  of  the  mustard  hulls  as  adulterants  of  other  food  materials.  The 
husk  of  white  mustard  is  represented,  after  a  drawing  by  Schimper,  in 
Fig.  10. 

The  outer  colorless  epidermis  consists  of  angular  plates  or  hexago- 
nal tabular  cells  with  a  center  of  different  brillianc}'.  They  swell  up 
and  become  slimy  in  water  and  must  therefore,  be  observed  in  glycer- 
ine. At  the  best  it  requires  some  manipulation  to  see  it  well,  and  it  is 
far  less  prominent  in  the  brown  seed.  The  next  coat,  denominated  the 
subepidermal,  is  not  prominent  and  can  only  be  seen  at  all  easily  in  the 
white  seed. 

The  third  layer  is  an  important  one.  In  it  is  found  the  coloring  mat- 
ter of  the  brown  seed,  and  its  absence  is  the  cause  of  the  lack  of  color 
in  the  white  variety.  Fragments  of  this  layer  are  common  in  ground 
mustard.  It  is  distinguished  by  the  thick  or  colorless  brown  cell  walls 
and  their  irregular  dotted  appearance.  Once  examined  it  will  be  readily 
recognized  under  other  circumstances,  as,  for  example,  when  the  hull 
is  used  as  an  adulterant  of  pepper. 

Between  this  layer  and  the  next  are  some  unimportant  and  difficultly 
discernible  cells  carrying  in  the  brown  seed  some  color. 

Within  these  comes  the  important  layer  denominated  the  inner  tunic 
by  Hassall  and  the  plasma  layer  by  Schimper.  It  separates  readily 
from  the  other  parts  of  the  husk  and  is  often  found  by  itself  in  the 
ground  mustard.  As  its  contents  are  broken  up  by  water  or  chloral 
hydrate,  glycerine  or  oil  must  be  used  as  a  mounting  medium.  The 
ceils  of  which  the  layer  consists  are  large,  and  with  their  contents  are 
similar  to  the  embryous  envelope  or  false  gluten  cells  of  wheat,  to 
which  they  correspond.  They  are  much  alike  in  both  white  and  brown 
mustard.     These  structures  are  diagramatically  represented  in  Fig.  7. 

From  the  character  of  the  exterior  layer  and  the  lack  of  color  in  the 
third  layer,  as  well  as  minor  differences  which  are  not  describable,  but 
will  appear  to  the  patient  investigator,  it  is  always  possible  to  tell 


172 


FOODS   AND   FOOD    ADULTERANTS. 


whether  the  flour  of  mustard  is  a  mixture  of  the  two  varieties  or  from 
one  alone.  Mounts  in  chloral  hydrate,  to  a  certain  degree,  are  use- 
ful for  adding  to  the  transparency  of  the  substance.  The  interior  of 
the  seed  is  made  up  of  small  soft  parenchyma  cells  containing  the  oil 
and  other  constituents  of  the  mustard,  but  without  any  trace  of  starch. 
For  this  reason  the  presence  of  starch  is  a  certain  indication  of  the  ad- 
dition of  some  diluent  of  a  farinaceous  nature.  Simple  treatment  with 
iodine  will  therefore  reveal  the  presence  of  wheat  flour,  which  is  a  com- 
mon adulterant  of  this  condiment.  The  white  color  of  the  flour  of 
course  reduces  the  yellow  color  of  the  mustard,  and  it  is  usual,  there- 
fore, to  restore  the  tint  by  either  turmeric  or  Martini  yellow. 


Fig.  10.  Husk  of  wMte  mustard,    a,  b,  plasma  layer ;  c,  sub-epidermal ;  d,  epidermis. 


The  former  can  be  detected  by  a  mechanical  separation  or  a  brown 
coloration  with  ammonia  or  by  the  peculiar  color  cells  which  it  contains 
and  the  starch  granules  of  the  arrowroot  class.  The  latter  is  not  suffi- 
cient in  amount  to  be  confused  with  potato  starch  or  that  of  flour.  It 
has  been  already  described. 

Martin's  yellow  can  be  identified  by  extraction  with  cold  95  per  cent, 
alcohol  and  examination,  after  evaporation  of  the  solvent,  as  suggested 
by  Waller  and  Martin,  and  this  coloring  matter  seems  to  be  often  used, 
and  cannot  be  j^rouounced  as  harmless  as  turmeric. 

The  substances  mentioned  are  the  common  adulterants  of  mustard, 
in  fact,  so  common  that  they  have  been  accepted  as  necessary  dilu- 
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eiits,  being  considered  desirable  for  toning  down  the  pungency  and 
adding  to  the  keeping  qualities  of  the  ground  material.  Of  late  j^ears, 
however,  a  reaction  has  taken  place,  and  it  is  now  possible  to  find 
brands  of  pure  ground  mustard. 

In  most  of  the  samples  which  have  come  into  our  hands  for  examina- 
tion flour  and  coloring  matter  are  the  only  foreign  substances  which  have 
been  met  with.  From  tbe  investigations  of  foods  chemists  abroad,  it 
would  appear  on  the  authority  of  Hassall  and  others  that  other  species 
of  mustard  seed,  rape  seed,  cayenne  pepper,  ginger,  potato  flour,  rice 
pea  flour,  seed  meals,  and  several  mineral  substances  are  frequently 
found  in  the  mustards  of  commerce,  a  conclusion  which  we  have  found 
justified  by  the  presence  in  some  of  the  lower-grade  mustards  which  have 
come  into  our  hands  of  yellow  corn,  ginger,  mustard  hulls,  gypsum,  and 
sand.  The  presence  of  these  adulterants,  which  is  only  too  common  in 
the  cheaper  article  when  sold  in  bulk  and  under  no  brand,  can  be  deter- 
mined by  mechanical  means  and  by  their  structure,  which  is  quite  dif- 
ferent  from  that  of  the  mustard,  and  by  the  starches,  which  character- 
ize some  of  them,  as  already  explained. 

While  the  adulterants  of  mustard,  therefore,  are,  owing  to  the  char- 
acteristic structure  of  the  seed,  easily  detected  with  the  microscope,  in 
cases  where  there  is  doubt,  or  where  further  information  is  desired  as 
to  the  probable  proportion  of  diluent,  recourse  must  be  had  to  deter- 
minations of  the  chemical  constituents  of  the  sample. 

CHEMISTRY  OF  MUSTARD. 

Several  investigators  have  made  proximate  analyses  of  mustard. 
Hassall  has  collected  the  following  in  regaid  toits  composition,  and  has 
also  made  several  analyses  of  pure  and  adulterated  samples  : 

Of  these  seeds  no  very  complete  quantatitive  analyses  have  as  yet  beenpiade,  al- 
though many  highly  important  particulars  have  been  ascertained  respecting  their 
composition;  thus  black  or  brown  mustard,  as  it  is  now  generally  named,  consists 
for  the  most  part  of  fixed  oil,  mijronic  acid  CioHigNScOio,  which  is  combined  with  pot- 
ash, forming  a  myronaie  of  potash,  and  which  acid  is  converted  into  the  volatile  oil 

CV     ) 
of  mustard  or  sulpliocDanide  of  alhjl  C4H5  NS  or  q  jj.   '   S  through  the  agency  of  the 

myrosin,  another  constituent  of  brown  mustard,  when  \he  two  are  brought  into  con- 
tact through  the  medium  of  water,  vegetable  albumen,  a  bitter  principle,  a  little  gum 
and  sugar,  a  peculiar  green  substance,  cellulose  and  mineral  matter. 

White  mustard  differs  essentially  in  its  composition  from  brown;  it  also  contains 
^e(foi/,  but  in  lieu  of  myronic  acid,  convertible  as  described  into  the  volatile  oil  of 
mustard,  it  contains  a  non -volatile,  bitter  and  acrid  salt,  termed  sulphocyanide  ofsyna- 
pine  (Ci7H,:4NcS05  or  CieHcaNOoCXHS),  myrosin,  gum,  cellulose,  and  mineral  matter. 

Now  it  is  on  the  volatile  oil  and  the  acrid  and  somewhat  bitter  salt  that  the  pungency 
and  acridity  of  mustard  depends,  and  hence  we  see  a  strong  reason  why  in  the  mus- 
tards of  commerce  the  farina  of  the  two  species  should  be  blended  together ;  of  the  two 
active  principles  the  volatile  oil  is  b}^  far  the  more  important,  and  hence  the  seed  of 
the  brown  mustard  possesses  the  greatest  commercial  value.  It  should  be  stated  that 
Henrie  and  Garot  affirms  that  brown  mustard  contains  the  acrid  principle  as  well  as 
the  white ;  this  statement  we  have  been  able  to  verify  as  shown  specially  by  the 
action  of  nitric  acid,  caustic  potash,  and  ferric  chloride  on  the  alcoholic  extract. 
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The  acrid  principle  of  white  mustard  appears  to  possess  but  little  stability, 
and  although  it  is  stated  by  V.  Baboto  bear  a  temperature  of  130°C.,  we  find  that  it 
is  readily, affected  by  heat,  and  that  it  is  not  safe  to  evaporate  the  alcoholic  solution 
containing  it  at  a  higher  temperature  than  about  30°C.  If  subjected  to  a  much 
higher  temperature  itquicklyloses  its  acridity  and  acquires  a  bitter  caramel-like  taste. 

Of  neither  brown  nor  white  mustard  had  any  percentage  analysis  been  given  until 
those  made  andpublished  by  ourselves  in  an  article  on  mustard  and  its  adulterations, 
in  "  Food,  Water,  and  Air,"  for  February,  1874  ;  and  in  the  few  cases  in  which  the  quan- 
tities of  any  of  the  constituents  are  stated,  they  vary  greatly  according  to  different  ob- 
servers. Thus,  according  to  Pereira,  the  fixed  oil  forms  about  28  per  cent,  of  the  seeds 
of  black  mustard,' while  Watts  puts  the  yield  at  18  per  cent,  only,  but  white  mustard 
seed,  he  says,  furnishes  36  per  cent.  The  volatile  oil  amounts  to  0.20  per  cent. ,  accord- 
ing to  Boutron  an  d  Robiqnet ;  0.55  per  cent.,  according  to  Aschoff,  and  0.50  per  cent, 
according  to  Wittstock  ;  all  of  which  quantities  are  much  below  the  mark,  as  will  be 
seen  hereafter.  Now,  as  will  be  shown  presently,  there  is  little  or  no  difference  in 
the  amount  of  fixed  oil  furnished  by  the  two  descriptions  of  mustard,  that  obtained 
by  me  from  the  farina  of  brown  mustard  reaching  35.701  per  cent.,  and  that  from  the 
white  mustard  35.768  per  cent.  Again  it  is  shown  by  the  analyses  given  below  that 
the  volatile  oil  occurs  in  much  larger  quantities  than  those  enumerated  above,  the 
amount  which  we  have  obtained  from  one  sample  being  no  less  than  1.271  per  cent. 

Of  both  brown  and  white  mustard  we  append  the  following  original  percentage 
analyses,  first  published  in  the  article  referred  to  : 

BROWN  MUSTARD  FARINA. 


Per  cent. 

4.845 

35.  701 

4.840 

29.  536 

3.588 

16.  765 

4.725 

100.  000 

1.271 

5.068 

1.413 

Water 

Fixed  oil 

Myronic  acid 

Myrosiu  aud  albumen 

Acrid  salt 

Cellulose 

Ash 

Volatile  oil 

Nitro.sen 

Sulphur 


The  oil  extracted  by  ether  from  the  brown  seed  is  of  a  bright  and  beautiful  emerald 
green  color,  owing  to  the  presence  of  the  peculiar  green  principle  described  as  one  of  its 
constituents.  So  deep  and  remarkable  is  the  color  of  the  oil  that  it  would  be  easy, 
by  means  of  a  graduated  scale  of  tints,  to  determine  with  very  tolerable  certainty 
the  percentage  of  brown  mustard  contained  in  any  samples  of  mixed  mustard. 

WHITE  MUSTARD  FARINA. 


Per  cent. 


Water 

Fixed  oil 

Acrid  salt 

Myrosin  and  albumen 

Cellulose 

Ash 

Nitrogen „ 

Sulphu'' 


5.360 

35.  768 

10.  983 

27.  484 

16.  295 

4.110 

100.  000 

5.285 

1.224 
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These  analyses,  whetlier  regarded  from  a  scientific  or  practical  point  of  view,  are 
possessed  of  much  interest. 

The  small  quantity  of  sugar  found  in  mustard  would,  from  the  method  of  analysis 
pursued,  be  included  under  the  bitter  principle  and  the  gum  with  cellulose. 

Of  the  methods  of  analysis,  Hassall  writes : 

Estimation  of  mijronic  acid. — Myronate  of  potash  decomposes,  under  the  influence 
of  the  nitrogenous  matter  contained  m  brown  mustard,  into  volatile  oil,  glucose,  and 
acid  sulphate  of  potash.  The  quantity  of  each  of  these  products  of  decomposition 
gives,  therefore,  by  simple  calculation,  the  quantity  of  myronic  acid.  One  hundred 
parts  of  this  acid  yield  23.85  parts  of  volatile  oil.  From  40  to  50  grams  of  the  mus- 
tard farina  are  placed  in  a  flask  of  about  one-half  liter  capacity;  250  c.  c.  of  tepid 
water  are  poured  over  it,  the  flask  closed  with  a  cork,  and  the  whole  is  well  shaken. 
After  twenty-four  hours'  standing  the  flask  is  connected  with  a  Liebig's  condenser, 
and  its  contents  are  heated  to  boiling.  Into  the  receiver  30  c.  c.  of  strong  ammonia 
are  ponred,  and  the  end  of  the  condenser  is  dipped  below  the  surface  of  the  liquid. 
Water  and  the  volatile  oil  pass  over,  the  latter  at  first  floating  in  the  shape  of  oily 
drops  on  the  surface  of  the  liquid,  which  soon  sink  to  the  bottom,  especially  when  the 
liquid  is  gently  agitated.  When  the  distillation  is  finished,  which  is  the  case  when 
no  more  oil  globules  pass  over,  the  receiver  is  closed  with  a  cork  and  allowed  to  stand 
twenty-four  hours.  At  the  end  of  that  time  all  the  oil  is  dissolved  and  is  now  con- 
tained in  the  liquid  in  the  form  of  thiosinnamin.  This  solution  is  evaporated  on  the 
water  bath  in  a  weighed  platinum  basin,  the  residue  dried  and  weighed.  The  quan- 
tity of  thiosinnamine  obtained,  minus  one  molecule  of  ammonia,  represents  the 
amount  of  volatile  oil. 

Estimation  of  tlie  myrosin  or  albumen  and  of  the  sulpJiocyanide  of  sinapin. — The  total 
amounts  of  nitrogen  and  sulphur  contained  in  the  mustard  are  next  ascertained. 
The  former  by  combustion  with  soda-lime  in  the  well-known  manner,  the  latter  by 
deflagration  of  the  mustard  and  oxidation  of  its  sulphur  in  a  mixture  of  nitrate  of 
soda  and  carbonate  of  potash.  The  fused  mass  is  dissolved  in  water  or  dilute  acid, 
and  the  sulphuric  acid  contained  in  the  solution  is  estimated  by  means  of  chloride  of 
barium.  From  these  data  the  amounts  of  the  myrosin  and  of  the  sulj)hocyanide  of 
sinapin,  the  acrid  principle,  are  thus  calculated  ;  as  much  sulphur  and  nitrogen  are 
first  deducted  from  the  totals  of  these  substances  obtained  as  is  contained  in  the 
quantity  of  myronic  acid  x^reviously  determined.  Next,  the  whole  of  the  remaining 
sulphur  and  as  much  of  the  nitrogen  as  is  required  are  then  calculated  into  the  acrid 
principle ;  lastly,  the  surplus  nitrogen  is  calculated  into  myrosin^  which  has  the  same 
formula  as  vegetable  albumen.  But  now,  having  got  approximately  the  amounts  of 
the  acrid  principle  and  of  the  myrosin,  a  further  calculation  has  to  be  made,  since 
myrosin  contains  about  1  per  cent,  of  sulphur.  This  has  to  be  deducted  from  the 
total  acrid  principle,  a  corresponding  quantity  of  nitrogen  being  in  its  turn  calculated 
into  myrosin.  By  those  acquainted  with  algebra  it  will  readily  be  perceived  that  a 
more  precise  calculation  may  be  made,  but  the  results  would  not,  even  then,  differ  to 
any  practical  extent. 

Acting  on  this  method,  Hassall  made  several  analyses  of  genuine 
mustards  of  the  trade  and  also  of  adulterated  articles,  which  are  here 
presented,  merely  dropping  the  third  place  in  decimals,  which  is  of  no 
value. 
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of  genuine  mustard. 


[Hassall,pp.  514-516.] 


Gennine    ^®„^,'i^^^  I  Genuine    Genuine 


double 


mustard.  ^^^^^.^^^J^y^Vev&ne:     Fine. 


Pure,   i 


House- 
hold. 


"Water 

Fixed  oil 

Myronic  acid 

Myrosin  and  albumen 

Acrid  salt  and  bitter  principL 

Cellulose 

Ash 

Oil  of  mustard 

Nitrogen , 

Sulphur 


5.70 
36.49 

2.70 
31.69 

5.72 
13.37 

4.33 


5.16 
35.94 

2.21 
27.30 

9.09 
15.58 

4.66 


5.59 
3-1.71 

1.97 
31.02 

7.10 
15.29 

4.32 


5.68 
35.24 
.92 
27.90 
10.06 
15  55 

4.65 


100.00  100.00 

.71  1            .58 

5.  34  I          5.  05 

1.31  1.42 


100.  00 

.52 

5.46 

1.25 


100.  00 

.24 

5.16 

1.30 


5.08 
33.98 
.96 
27.62 
11.20 
16.81 

4.29 


100.  00 

.25 

5.21 

1.40 


5.29 
36.75 

1.72 

8.75 
27.48 

3.69 
16.32 


100.  00 

.45 

5.03 

1.31 


Analyses  of  mixed  and  lidk  mustard. 


Suerls. 

Alexan- 
der. 

8.94 

8.34 

2:5.  88 

29.60 

1.57 

1.92 

6.45 

3.15 

14.48 

13.89 

33.81 

30.52 

7.08 

8.99 

3.79 

3.59 

.41 

.50 

3.34 

3.16 

1.00 

.90 

Clark. 


Water 

Fixed  oil 

Myronic  acid 

Acrid  principle 

Myrosin 

Wheat  flour  and  turmeric 

Cellulose 

Ash 

Volatile  oil 

Nitrogen 

Sulphur 


6.51 

23.16 

1.3G 

5.81 
19.50 
27  20 
12.81 

3.62 


"Of  the  first  six  analyses  of  genuine  mustards"  Hassall  says  that 
they  "  prove  two  things  ;  first,  that  all  the  samples  are  genuine  j  this  is 
shown  by  the  quantities  of  fixed  oil,  nitrogen,  and  sulphur  obtained; 
and  that  they  consist  of  mixtures  of  the  two  mustards  in  different  pro- 
portions, the  higher  qualities  containing  larger  proportions  of  the 
brown  mustard ;  that  this  is  so  is  demonstrated  by  the  different  quan- 
tities of  volatile  oil  obtained." 

In  the  analyses  of  the  adulterated  mustards  allowance  in  the  calcu- 
lation was  made  for  the  nitrogen  of  the  wheat  flour. 

Hassall  says: 

From  au  examination  of  tlie  foregoing  analyses  it  is  apparent  tliat  gennine  hrown 
mustard  should  contain  about  36  per  cent,  of  fixed  oil,  at  least  1  per  cent,  of  volatile 
oil  of  mustard,  about  4  per  cent,  of  acrid  principle,  and  that  it  should  furnish  about 
1.5  per  cent,  of  sul^ihur  and  5  per  cent,  of  nitrogen ;  that  genuine  white  mustard  should 
yield  about  the  same  amount  of  fixed  oil,  over  10  per  cent,  of  acrid  principle,  and 
nearly  the  same  amount  of  nitrogen  and  sulphur  as  the  black  ;  that  the  composition 
of  genuine  mustards,  which  are  made  up  in  various  j)roportions  of  brown  and  white 
mustard  seed,  differs  according  to  the  quantities  of  each  kind  present,  the  relative 
proportions  being  determinable  by  analysis  with  considerable  precision  ;  that  in  the 
mixed  or  adulterated  mustards  the  proportions  of  fixed  and  volatile  oil,  of  nitrogen, 
and  sulphur  are  all  much  reduced,  according  to  the  extent  of  the  admixtures,  these 
consisting  in  the  mustards  now  reported  upon  in  all  cases  of  wheat  fiour  and  tur- 
meric. 
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Thus  the  fixed  oil  was  reduced  iu  one  of  the  samples  from  36  per  cent.,  the  normal 
amount,  to  about  one-half  or  18  per  cent.,  the  volatile  oil  to  0.1  per  cent.,  and  the 
nitrogen  to  3.32  per  cent.,  while  in  auother  sample  the  sulphur  was  as  low  as  0.81  per 
cent.  The  amount  of  wheat  flour  and  turmeric  varied  from  22.91  per  cent,  to  38.82 
per  cent.,  that  is  to  say,  from  one-fourth  to  one-third  of  the  article. 

These  results  furnish,  an  excellent  basis  for  the  examination  of  the 
mustards  met  with  in  our  country.  In  addition,  however,  we  have  the 
work  of  several  other  investigators.  0.  H.  Piesse  and  Lionel  Stansell* 
have  given  their  results  of  the  analyses  of  several  samples  of  pure 
farinas  and  their  ashes,  largely  after  the  method  of  Hassall.  Blyth 
copies  them,tand  adds  several  pages  on  the  chemistr}"  of  mustard  and 
its  adulterations,  adding  nothing  new  to  what  has  been  quoted  from 
Hassall,  with  the  exception  of  a  formula  for  calculating  the  percentage 
of  added  flour  in  mixtures  from  the  amount  of  fixed  oil  found.  He 
says: 

Estimation  of  fat  or  oil. — This  is  particularly  useful  when  wheat  starch  is  the 
adulterating  agent.  Wheat  flour  does  not  contain  more  than  1.2  to  2.1  per  cent,  of 
oil ;  mustard,  on  the  other  haud,  from  33.9  to  36.7  per  cent.  A  "weighed  portion  of  the 
previously  dried  samples  may  he  placed  in  an  extraction  apparatus,  and  from  the  oil 
found  the  following  formul;e  will  serve  as  a  guide  to  the  amount  of  flour  prese  ut : 
X  =  amount  of  mustard,  y  :^  amount  of  oil  found. 

33.9  X      1.2  (ino-x)  ^  36.7  x      2  (100-a:)  ^ 

100   ~^         100             ^  100    ^~       100           ^ 

according  as  the  greater  or  less  amount  of  oil  is  taken  as  being  present  in  the  pure 
farina  and  the  flour. 

Accepting  the  mean  for  mustard  and  2.0  per  cent,  as  the  proper  figure 
for  fiour,  the  formula  would  read  more  conveniently,  it  Avould  seem, 

"^  ""1:333 
where  a?=100  when  the  mustard  is  pure.     Of  the  amount  of  ash  Blyth 
says : 

"The  total  ash  of  dried  mustard  averages  5  per  cent.  The  highest  number  the 
■writer  has  obtained  is  5.3  per  cent.;  the  lowest  5.088  per  cent.  Of  tins  ash  1.2  at 
least  is  soluble  in  water;  in  other  words,  the  ash  of  mustard  consists  of  30  parts  per 
cent,  soluble,  70  parts  per  cent,  insoluble  in  water.  It  hence  follows  that  if  found 
above  5.5  per  cent,  mineral  matters  of  foreign  origin  are  present ;  if  below  4  per  cent. 
it  is  an  indication  of  some  organic  adulterant." 

Albert  R.  Leeds  and  Edgar  Everhartf  have  taken  up  Hassall's  and 
Blyth's  work  and  shown  that  the  hitter's  formula  for  calculating  added 
flour  from  the  percentage  of  oil  found  will  not  serve  in  all  cases,  as  it  is 
not  uncommon  to  express  some  of  the  oil  from  the  seed  before  grinding, 
to  adulterate  with  oil  cake  or  seeds,  or  to  add  cheap  oils  to  the  flour 
used  as  a  diluent  to  cover  any  deficiency.  They  also  analyzed  a  sample 
of  pure  farina  of  brown  mustard  according  to  a  meth  od  devised  by 
themselves  as  a  modification  of  Hassall,  in  which  the  determinations 
should  be  direct  instead  of  calculated.     Briefi^^,  it  is  as  follows  : 

"  Analyst,  5, 161-165, 1880. 

t  Foods  and  their  adulterations,  485-486. 

t  Zeit.   anal.  Chem.  21,  389-394, 1882. 

22823— Bull.  13,  pt.  2— 
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3IETH0D  OF  LEEDS  AND  EYERHAKT. 

Moisture  and  ash  are  determined  as  usual;  oil,  in  a  portion  of  mus- 
tard dried  at  105^,  by  etlier  in  an  extraction  apparatus,  with  subse- 
quent drying  at  100°.  From  the  dried  residue  the  sulphocyanide  of  sin- 
apin  and  the  myronate  of  ijofassiwn  are  extracted  in  a  similar  way  by  50 
per  cent,  alcohol.  The  extract  is  dried,  weighed,  and  ignited,  and  from 
the  sulphate  of  potash  in  the  ash  the  myronate  is  reckoned  and  the 
sulpliocyanide  obtained  by  difference.  The  residue,  containing  myrosin 
and  cellulose  and  a  little  coloring  matter,  is  freed  from  alcohol  and  treated 
with  one-half  per  cent,  sodic  hydrate  solution.  The  washed  residue  is 
weighed  and  ignited  for  cellulose.  The  filtrate  containing  all  the 
myrosin  is  nearly  neutralized  with  dilute  hydrochloric  acid,  50  c.  c.  of 
Ritthausen's  copper  sulphate  solution  added,  and  then  dilute  sodic  hy- 
drate to  near  neutrality.  The  heavy  green  myrosin  copper  compound 
is  filtered  off,  dried  at  110°  C,  weighed,  and  ignited.  The  difference  is 
the  myrosin. 

Analyses  carried  out  after  this  method  in  triplicate  are  as  follows : 


Water 

Myronate  of  potasli 

Sulpbo-cyanide  of  sinapine. 

M\  rosin 

Oil 

]  Cellulose  (by  diiference) 

;  Asli 


Percent. 

Percent. 

Percent. 

6.78 

6.90 

6.82 

.61 

.61 

.72 

10.97 

11.19 

11.21 

28.45 

28.70 

28.30 

29.22 

.    29.21 

2.0.]  9 

-20.  24 

19.55 

20.06 

3.73 

3.84 

3.70 

The  amounts  of  nitrogen  and  sulphur  in  this  mustard  were : 

Nitrogen  5.337 

Sulphur 1.489 

Calculated  from  these  figures  according  to  the  method  of  Hassall 
would  be  found  the  following  : 

Myronate  of  potassium 61 

Sulphoeyauide  of  sinapine 10.  71 

Myrosin 28.  52 

Showing  a  close  agreement  with  the  direct  determinations. 

Direct  methods  are,  however,  usually  preferable  and  this  would,  no 
doubt,  be  a  good  one  were  it  not  that  dilute  alcohol  in  the  case  of  ad- 
mixture of  hour  would  dissolve  so  much  of  the  albuminoid  matter  and 
ash  of  the  latter  as  to  invalidate  the  determination  of  myronate.  It  is 
therefore  open  to  criticism. 

E.  Waller  and  E.  W.  Martin*  in  1882  made  an  examination  of  mus- 
tards manufactured  and  sold  in  aS^ew  York  City,  attention  being  paid 
to  moisture,  oil,  and  soluble  and  insoluble  ash.  They  also  examined 
mustard  pastes,  and  compared  their  results  with  some  pure  mustards 
from  the  English  market.     Their  analyses  are  as  folio vn^s  : 


Analyst  9,  166-170. 
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Dry  mustard  manufactured  and  sold  in  New  York  City. 
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No. 

Moist 
ure. 

Fixed 
oil. 

Soluble 
ash. 

Insolu- 
ble ash. 

Total. 

Coloring. 

Kemarks. 

197 
204 
206 
207 
208 
209 
213 
214 
215 
216 
217 
218 
219 
294 

6.15 
8.08 
7.35 
8.23 
8.50 
7.24 
7.65 
7.  GO 
7.15 
5.45 
6.50 
8.45 
6.62 
9.86 

21.17 
12.79 
12.54 

8.42 
10.92 

6.81 
13.  32 

7.74 

9.02 
20.57 

8.59 
14.59 
22.  56 

6.21 

.30 

1.39 

.23 

.15 

2.90 

.10 

.64 

1.53 

.20 

.15 

1.52 

2.15 

1.62 

1.16 

5.54 
5.39 
4.69 
1.90 
13.15 
3.  55 
5.17 
1.G9 
2.91 
5.12 
5.65 
6.65 
4.86 
3.54 

5.84 
6.78 
4.92 
2.05 
16.05 
3.65 
5.81 
3.22 
.3.11 
5.27 
8.17 
8.80 
6.48 
4.70 

Martin's  yellow.. 
Turmeric    . 

Contains  starch. 
Contains  starch  and  Ca  SO4. 
Ash  fixed  starch. 
Contains  starch. 
Contains  starch,  Ca  SO4. 
Contains  starrh 
Contains  starch,  ash-fuscd. 
Contains  starch. 
Contains  star^-h. 
Contains  starch. 
Contains  starch,  Ca  SO4. 
Contains  starch,  Ca  SO4. 
No  starch. 

do 

Martin's  yellow... 

do 

Martin's  yellow. .. 

do 

do 

do 

Martin's  yellow... 

Mustard  paste,  German  mustard  manufactured  in  New  York  City. 


No. 

Moist- 
ure. 

Acetic 
acid. 

Oil. 

Other 
organic 

sub- 
stance. 

Soluble 
ash. 

Insolu- 
ble a,  h. 

Total. 

Common 

salt. 

Oil  on 
dry  sub- 
stance. 

Metallic 
copper. 

221 
222 
237 
242 
244 
1 

77.02 
«i.52 
79.62 

76.54 
81.45 

2.76 
1.98 
2.43 
.S.69 
2.94 

2.55 
3.  .50 
3.90 
4.57 
3.73 

14. 18 
10.67 
li.  60 
11.53 
9.09 

2.51 
1.77 
2.52 
2.69 
2.14 

0.93 
.56 
.97 
.98 
.65 

3.49 
2.33 
3.49 
3.67 
2.79 

2.11 
1.63 

24.98 
21.24 
19.51 
23.14 
22.44 

.001 

Trace. 

.009 

.003 

Trace. 

L86 

.1.77 

Mustard  flour  (bolted)  2)ur])oriing  to  be  pur' 


No. 

Moist- 
ure. 

Oil. 

Soluble 
ash. 

Insolu- 
ble ash. 

Total. 

Eemarks. 

201 
220 

273 

274 

6.10 
5.50 

4.85 
4.75 

26.42 
25.70 

36.67 
4.70 

.21 

.86 

.175 
.125 

5.92 

4.80 

3.  725 
4.425 

6.21 
5.66 

3.900 
4.550 

New  York  manufacture. 

New  York  manufacture,  Trieste  and  Bombay  seed, 

mixed. 
English  samples,  whole  seed. 
English  samples,  brown  seed,  ash -fused. 

Groufid  mustard  seeds. 


No. 

Kind  of  seed. 

Moist- 
ure. 

Oil. 

Soluble 
ash. 

Insolu- 
ble ash. 

Total. 

231 
232 
233 
234 

271 
272 

American  market : 

7.52 
6.35 
4.95 
6.10 

7.10 
7.30 

86.  96 
36.  45 
34.00 
35.46 

84.45 
34.71 

1.25 

.70 
.50 
.25 

.70 
.85 

4.37 
3.70 
4.40 
4.55 

3.90 
3.90 

5.62 
4.40 
4.90 

4.80 

4.  CO 
4.75 

Trieste 

California  \ellow 

English  yellow 

English  market : 
White 

Brown    ... 

As  commeiit  they  say : 

The  results  obtained  for  oil  oa  Nos.  201  and  220  led  to  inquiry,  the  result  of  which 
was  the  discovery  that  it  is  the  regular  practice  of  the  mustard  manufacturers  here 
to  express  a  portion  of  the  oil  from  the  ground  mustard  seed  before  working  it  up 
into  the  condiment  sold  as  mustard.  In  these  samples,  as  well  as  in  No.  219,  which 
was  sold  under  guarantee  of  being  pure  mustard  without  admixture,  no  starch,  col- 
oring material,  or  other  material  known  to  be  foreign  to  the  mustard  seed  was  found. 
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If  we  calculate,  then,  that  these  mustards  Lave  been  made  up  from  mustard  flour 
similar  to  201  and  220,  and  containing  25  per  cent,  of  oil,  by  multiplying  the  per- 
centages of  oil  given  in  the  table  by  four,  vre  shall  get  approximately  the  proportions 
of  mustard  flour  present,  in  percentages. 

These  investigators  also  examined  a  specimen  of  English  mustard 
which  was  mixed  with  starch,  and  yet  contained  a  normal  amount  of  oil 
which,  on  extraction,  was  decidedly  more  fluid  than  mustard  oil.  This 
points  to  the  truth  of  the  assertion  that  the  extraction  of  the  mustard 
oil  is  often  covered  by  the  addition  of  oil  of  inferior  character. 

The  common  use  of  Martin's  yellow  (Dinitronapthol)  as  a  coloring 
matter  is  startling,  as  it  can  hardly  be  anything  but  injurious.  They 
detected  it  by  extracting  the  flour  with  cold,  strong  alcohol,  evaporating, 
taking  up  with  water  and  dyeing  woal  with  it.  Crystals,  however,  could 
not  be  obtained,  but  the  authors  came  into  possession  of  a  sample  of  the 
coloring  matter  Avliich  was  analyzed. 

In  Canada,  large  numbers  of  samples  of  mustard  have  been  examined 
with  results  which  have  already  been  quoted,  showing  that  the  manu- 
facture of  mustard  from  mustard  cake  and  the  addition  of  farinaceous 
matter  is  as  common  there  as  elsewhere.  In  the  report  for  1885,  out  of 
fifty-one  specimens,  onl3'  10  contained  over  25  per  cent,  of  fixed  oil  and 
no  starch,  and  but  three  contained  over  30  per  cent,  oil,  as  they  should, 
if  of  best  quality.  The  chief  analyst,  however,  is  of  the  opinion  that  the 
removal  of  the  oil  is  an  advantage,  as  the  flour  will  keep  better  and  be  as 
pungent  without  it. 

With  the  information  of  the  nature  which  has  been  given  a  number 
of  samples  of  mustard  purchased  in  the  open  market  in  Washington, 
some  of  low  grade  obtained  direct  from  Baltimore  spice  mills,  and  others 
in  the  whole  seed  from  the  importers  and  dealers,  have  been  examined 
microscopically  and  chemically.     They  may  be  described  as  foUows  : 


Serial 
No. 

Price 
4  pound 

Eemarks. 

(retail). 

Cents. 

4510 

White  seed. 

11 

30' 

Guaranteed  pure. 

22 

20 

Ground  in  District  of  Columbia. 

27 

20 

Ground  in  Baltimore. 

32 

30 

Euglisli  brand. 

36 

36 

Ground  in  Baltimore. 

42 

30 

■  English  brand. 

50 

20 

51 

20 

Ground  in  Xew  York. 

4241 



ikdiawk,  y.  Y. 

71 

Extra  American,  Baltimore,  Md, 

72 
4971 

Loudon,  strong,  extra.  Baltimore,  Md. 

Ground  in  Baltimore  :  extensively  advertised  as  pure. 

36' 

4885 

White-seed  flour,  groaud  in  laboratory. 

86 

White-seed  husk,  ground  in  laboratory. 

99 

*  . 

California  yellow  mustard  seed. 

4900 
1 

California  bro^n  mustard  seed. 
English  yellow  mustard  send. 

2 

Trieste  brown  mustard  seed. 
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The  analytical  deterininatious  gave  the  foUowiug  results 

Analyses  of  mustard. 
[Whole-seed  flour.] 


o 

1^ 

Source. 

O  M 

Quality. 

o 

d 
o 

O 

1 

^ 

3 

§4 

1 

rd 

1 

% 
x 

.s 

1 

3 

^ 

-S 

^ 

^g 

^ 

< 

S 

xn 

o 

< 

P 

H 

^ 

4510 

White  seed 

.635 

5.  57 

4.29 

.97 

33.56 

.00 

5.40 

28.  88  21.  33 

100 

4.62 

4885 

White  flour 

3.33 
6.17 

5.23 
4.99 

1.84 
..55 

34.83 
28.12 

.00 
.00 

9.  05'  2.5.  56  20. 16 
9.  50|  23.  44  27.  23 

100 
100 

4  04 

4886 

Seed  husk 

.480 

,3.75 

4899 

California  yellow. 

.460 

4.83 

5.  96 

1.27 

31.90 

.00 

8.50   31.1316.35 

100 

4.98 

4900 

California  brown 

.1.35 

4.11 

4.88 

1.35 

36.63 

.00 

10.18   24.6912.16 

100 

,3.95 

4901 

En  jjlish  yellow... 

.419 

3.11 

4.07 

2.06 

31.51 

-    .00 

0.90    30.25  22.10 

100 

4.84 

4902 

Trieste  brown  . . . 

.425 

4.62 

5.61 

.63 

39.55 

.00 

10.84   25.8818.87 

1 

100 

4.14 

f Commercial  mustard  flour.] 


4511 

(?) 

Colored 

5,7 

«.. 

43 

18.16 

.00     7.35 

37.44 

24,10 

100 

5.  95 

4522 

District  of  Colum- 

bia  

Adulterated  . 

9.38 

■  7 

?4 

11.20 

21.15     2.95 

20.63 

27.  04 

100 

3.30 

4527 

Baltimore 

-...do 

9.73 

4.40 

.80 

9.S5 

29.14    2.40 

i3.3130.37 

100 

2.13 

4532 

Enolish 

.-..do  

5.84 

4.90 

2.11 

30.84 

7.26     4. 63 

25.  88  18.  54 

lOU 

4.14 

4536 

Baltimore 

....do  

6.60 

9.70 

..50 

U.72 

9.001    3.75 

14.50  41.23 

100 

3.92 

4542 

English 

....do 

3  25 

3.65 

2.01 

32.26 

8.501  14.98 

25.  19  10. 16 

100 

4.03 

4550 

(?)    

....do 

.5.80 

H.1.'> 

.37 

7.S9 

40.50 

2,43 

14.38 

25.46 

100 

2.30 

4551 

New  York 

....do  

6.70 

t.90 

1.31 

6.50 

45.00 

2.97 

13.63 

21.99 

100 

2.18 

4871 

Baltimore 

...do 

4.57 

S.24 

2.02 

6.77 

31.50 

2.90 

20.31 

28.60 

100 

3.25 

4872 

Baltimore 

....do  

7.25 

3,35 

2.32 

.5.54 

34.63 

1.23 

19.63 

26.05 

100 

3.14 

4971 

Baltimore 

....do  

6.03 

5.98 

.65 

19.46 

5.70 

3.48 

33.06 

25.64 

100 

5.29 

Abnormal  figures  in  full-faced  type. 

DISCUSSION   OF   THE    ANALYSES. 

The  results  obtained  with  pure  seed,  ground  in  the  laboratory,  show 
that  flour  of  mustard  is  fairly  constant  in  its  coini)osition. 

Water  is  present  in  small  amount,  as  is  generally  the  case  in  oil  seeds, 
varying  between  3  and  7  per  cent.  Hassall  found  from  5.16  to  5.70, 
and  Waller  and  Martin  7.52  to  4.95. 

Ash  is  quite  constant  between  4  and  6  per  cent.,  so  that  the  presence 
of  foreign  mineral  matter  is  readily  detected.  Blyth  j)laces  the  varia- 
tion between  5.1  and  5.3,  Waller  and  Martin  between  4.40  and  5.62, 
while  in  ground  samples  it  falls  as  low  as  2.05,  Waller  and  Martin,  or 
1.90,  our  own  results,  owing  to  the  addition  of  organic  adulterants,  such 
as  wheat  flour,  or  rises  to  16  per  cent,  from  the  adtlition  of  gypsum.  The 
determination  is  therefore  an  extremely  valuable  one. 

Volatile  oil  is  present  naturally  in  the  seed  in  but  small  amount. 
The  percentage  we  have  found  to  be  rather  variable,  as  much  as  2.06 
having  been  found  in  an  English  yellow  seed  and  as  little  as  .55  in 
another.  Hassall  found  from  .71  to  24  per  cent.  Its  presence  is  not  of 
importance. 

Fixed  oil  is  one  of  the  most  prominent  constituents  of  the  seed,  vary- 
ing in  amount  from  31  to  37  per  cent.     Waller  and  Martin  give  results 
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varyiDg  from  34  to  37,  and  Hassall  34.71  to  36.49.  It  has  become  an 
almost  universal  practice,  however,  to  express  a  portion  of  the  oil,  so 
that  in  good  liour  as  little  as  18  per  cent,  has  been  found. 

Starch  is  entirely  absent,  a  contrast  to  the  cereal  grains  and  many 
other  seeds.     Its  addition  is  of  course  common. 

Crude  fiber  varies  in  a  way  dependent  on  the  method  of  milling  and 
of  determining  its  amount.  Onr  samples  were  found  to  contain  much 
more  than  the  best  flour  of  commerce,  as  our  means  of  separating  the 
husk  are  imperfect.  With  careful  milling  not  more  than  6  to  7  per  cent, 
should  be  present,  according  to  modern  chemical  methods.  Hassall,  on 
the  other  hand,  found  from  13  to  17  per  cent. 

Albuminoids  m'^^Qi  up  a  large  part  of  the  seed,  varying  from  25  to  32 
l^er  cent.  Anything  below  20  per  cent,  points  to  dilution  with  material 
poor  in  nitrogen. 

The  undetermined  matter  consists  of  gum  and  some  unidentified  sub- 
stances soluble  in  alcohol,  whose  estimation  is  of  no  particular  value  as 
a  means  of  detecting  adulteration. 

Our  results,  as  a  whole,  agree  closely  with  those  of  other  investiga- 
tors, so  that  for  general  reference  the  following  standard  may  be  used: 


Per.  cent. 

Water 

3  to  7 

4  G 
h      2 

31    37 
16    18 
None. 
5      18 
25    32 

Ash 

Volatile  oil 

Fixed  oil: 
When  from  entire  seed. 

When  from  cake 

starch  

Crude  fiber     .......... 

When,  however,  the  flour  is  ground  from  cake  all  the  percentages 
may  be  somewhat  increased. 

As  compared  with  the  pure  mustards  the  flours  of  commerce  give  re- 
sults which  show  at  once  the  universal  extent  of  the  adulteration  which 
takes  place,  aside  from  any  microscopic  examination. 

4511,  purchased  in  Washington  but  ground  elsewhere,  has  been  de- 
prived of  nearly  half  of  its  fixed  oil,  that  is  to  say,  is  ground  from  mus- 
tard cake.  It  is  the  only  specimen  which  contains  no  farinaceous  ma- 
terial, and  is  higher  in  albuminoids  than  any  of  the  pure  seeds  or  flours. 
This  is  due  to  the  fact  that  abstraction  of  the  oil  raises  the  relative  per- 
centage of  albuminoids,  and  this  is  not  reduced  at  all  by  the  addition  of 
any  diluent.  The  amount  of  fiber  is  relatively  high  for  the  same  reason. 
It  contains  also  a  very  small  amount  of  mineral  adulteration.  The  mi- 
croscope shows  the  presence  of  turmeric  as  coloring  matter. 

This  brand  is  perhaps  the  purest  met  with,  as  its  only  defects  are  lack 
of,  oil  which  has  been  considered  not  a  loss,  the  small  amount  mineral 
matter,  and  the  presence  of  a  little  coloring  matter. 
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4522,  repr(  sented  by  two  different  specimens,  has,  in  one  case,  that 
analyzed,  been  deprived  of  more  oil  than  the  preceding,  has  a  consid- 
erable ainonnt  of  gypsum  in  its  ash,  and  21  per  cent,  of  starch  in  the 
shape  of  wheat  flonr.  The  relative  percentages  of  fiber  and  albumin- 
oids are  thereby  reduced  somewhat,  since  21  per  cent,  of  starch  would 
correspond  to  about  30  per  cent,  of  flour.  Color  is  given  by  turmeric.  In 
the  other  case  the  changes  were  similar,  except,  that  no  turmeric  was 
added,  but  large  amounts  of  white  mustard  hulls. 

4527,  ground  in  Baltimore,  consists  to  a  large  extent  of  flour,  be- 
tween 40  and  50  per  cent.,  and  is  made  from  mustard  cake,  the  oil  hav- 
ing been  removed.  The  color  has  been  restored  by  turmeric.  The  sam- 
ple leaves  on  sieving  quite  a  large  amount  of  husky  and  fibrous  matter 
contaminated  with  wheat  flour  and  turmeric.  The  husks  are  not  those 
of  the  original  mustard,  and  have  not  been  identified,  but  seem  to  re- 
semble the  exterior  coats  of  ginger,  and  may  represent  an  addition  of 
spent  ginger  or  ginger  tailing. 

4522,  sieving  leaves  white  mustard  hulls  and  yellow  corn  meal,  but 
no  color  5  wheat  flour  is  also  present. 

4551.    This  sample  contains  turmeric,  wheat  flour,  and  salt. 

4532.  An  English  brand,  is  made  from  whole  seed  and  is  diluted  with 
but  little  flour  and  color,  about  10  x^er  cent,  of  the  former. 

4536  is  made  from  mustard  cake,  contains  a  large  amount  of  gypsum 
and  some  starch,  and  is  colored  (with  turmeric).  The  large  amount  of 
undetermined  matter  would  point  also  to  the  presence  of  other  adulter- 
ants not  identified. 

4542  resembles  the  other  English  brand  examined,  4532  being  only 
altered  by  the  addition  of  a  little  flour  and  color. 

4550  and  4551  are  perhaps  the  worst  samples  we  have  examined. 
They  are  made  from  cake,  contain  no  mineral  adulterants,  but  are  more 
than  half  flour,  and  are  of  course  much  colored  with  turmeric.  They 
were  purchased  from  the  same  grocery.  One  also  contained  salt,  de- 
tected by  sifting. 

4871  and  4872  are  similar  and  but  little  superior.  They  were  obtained 
directly  from  a  Baltimore  mill  in  a  lot  of  spices,  which  were  all  adulter- 
ated. 

4971  has  been  much  advertised  as  quite  x)ure,  but  was  found  to  con- 
tain sand  and  flour,  but  no  color.  It  is  made,  as  usual,  from  seed  cake. 
From  these  samples  we  learn  the  quality  of  the  ordinary  flour  mustard 
of  the  groceries.     It  is  not  good,  and  certainly  demands  reform. 

PEPPER. 

The  ordinary  black  and  white  peppers  of  commerce  are  the  fruit  of 
the  true  pepper  plant,  Piper  nigrum^  which  grows  in  the  East  and  West 
Indies.  Red  pepper,'or  cayenne,  is  not  a  pepper,  but  the  fruit  of  several 
species  of  Capsicum.     Under  the  title  of  '^pepper,"  therefore,  attention 
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will  be  confined  to  the  genus  Fiper,  reserving  for  a  separate  chapter  the 
remaining  substances  which  are  commonly  miscalled  peppers. 

The  pepper  plant  is  a  perennial  climbing  shrub,  with  a  small,  round, 
sessile,  flesby  fruit,  which  grows  spontaneously  on  the  Malabar  coast, 
and  whose  culture  has  been  extended  to  Siam,  Hindostan,  Indo-Ohina, 
Malacca,  Singapore,  Penang,  Ceylon,  Sumatra,  Java,  Borneo,  and  the 
neighboring  islands,  and  to  a  small  extent  in  Guiana  and  Cayenne. 

The  greatest  production  is  in  Sumatra,  and  the  ports  of  export  are 
principally  Singapore  and  Penang,  the  Malabar  pepper  coming  from 
Tellicherry.  Our  imports  are  principally  through  England,  and  not 
direct,  and  it  seems  that,  in  England  at  least,  it  is  customary  to  mix 
peppers  of  different  origin  in  grinding,  taking  Malabar  for  weight,  Pe- 
nang for  strength,  and  Sumatra  for  color. 

Of  the  other  characteristics  and  history  of  pepper  a  most  complete 
account  may  be  found  in  "  Fliickiger  and  Haubury's  Pharmaco- 
graphia."*     Of  its  preparation  for  the  market  these  authors  say  : 

When  one  or  two  berries  at  the  base  of  the  spike  begin  to  turn  red  the  whole  spike 
is  pinched  off.  Next  day  the  berries  are  rubbed  olf  with  tlie  hands  and  picked  clean, 
then  dried  for  three  days  on  mats  or  on  smooth,  hard  ground  or  on  bamboo  baskets 
near  a  gentle  fire. 

As  thus  prepared  it  is  the  black  pepper  of  the  trade. 
When  the  berries  are  allowed  to  ripen,  and  the  black  outer  pericarp 
is  removed  on  drying,  they  are  known  as  white  pepper. 

The  grains  of  white  pepper  are  of  rather  larger  size  than  those  of  black,  and  of  a 
warm,  grayish  tint.  They  are  nearly  spherical  or  a  little  flattened.  At  the  base  the 
skin  of  the  fruit  is  thickened  into  a  blunt  prominence,  whence  about  twelve  light 
stripes  run  meridian-like  toward  the  de  pressed  summit.  If  the  skin  is  scraped  off  the 
dark-brown  testa  is  seen  inclosing  the  hard,  translucent  albumen.  In  anatomical 
structure,  as  well  as  in  taste  and  smell,  white  pepper  agrees  with  black,  which,  in 
fact,  it  represents  in  a  rather  more  fully-grown  state. 

A  study  of  the  structure  of  black  pepper  will,  therefore,  furnish  every 
information  in  regard  to  the  white.  There  are  also  two  species  of  Piper 
which  furnish  a  berry  used  in  a  similar  way  to  that  of  Piper  nigrum. 
They  are  known  as  long  pepper.  Piper  longiim  and  Piper  officinarum. 
Their  structure  is  similar  to  that  of  the  common  pepper,  with  some 
characteristic  differences.  It  is  difficult  to  say  how  far  they  are  an  ar- 
ticle of  commerce  in  this  country.  They  come  principally  from  Penang 
and  Singapore,  being  brought  from  Java  and  other  places. 

The  structure  of  black  pepper  is  described  as  follows  in  the  work  last 
quoted : 

The  small,  round  berry-like  fruits  grow  somewhat  loosely  to  the  number  of  twenty 
to  thirty  on  a  common  pendulous  fruit  stalk.  They  are  at  first  green,  then  become  red, 
and,  if  allowed  to  ripen,  yellowy,  but  they  are  gathered  before  complete  maturity,  and 
by  drying  in  that  state  turn  blackish  gray  or  brown.  If  left  until  quite  ripe  they  lose 
some  of  their  pungency  and  gradually  fall  off. 

The  berries  after  drying  are  spherical,  about  one-fifth  iuch  in  diameter,  wrinkled  on 
the  surface,  indistinctly  pointed  below  by  the  remains  of  a  very  s  hort  pedicel,  and 

*  London,  McMillan  &  Co.,  1879. 
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crowned  still  more  iudistinctly  by  tlie  three  or  four  lobed  stigma.  The  thiu  pericarp 
tightly  encloses  a  single  seed,  the  embryo  of  Avhich,  in  consequence  of  premature  gath- 
ering, is  undeveloped  and  merely  replaced  by  a  cavity  situated  below  the  apex.  The 
seed  itself  contains  within  the  thin  red-brown  testa  a  shining  albumen,  gray  and 
horny  without  and  mealy  within.  The  pungent  taste  and  peculiar  smell  of  pepper 
are  familiar  to  all. 

The  transverse  section  of  the  grain  of  black  pepper  exhibits  a  soft  yellowish  epider- 
mis, covering  the  outer  pericarp.  This  is  formed  of  a  closely-packed  yellow  layer  of 
large,  mostly  radially  arranged,  thick- walled  cells,  each  containing  iu  its  small  cav- 
ity a  mass  of  dark  brown  resin.  The  middle  layer  of  the  pericarp  consists  of  soft  tan- 
gentially  extended  parenchyme,  containing  an  abundance  of  extremely  small  starch 
granules  and  drops  of  oil.  The  shrinking  of  this  loose  middle  layer  is  the  chief  cause  of 
the  deep  wrinkles  on  the  surface  of  the  berry.  The  next  inner  layer  of  the  pericarp  ex- 
hibits towards  its  circumference  tangentially  arranged,  soft  parenchyme,  the  cells  of 
which  possess  either  spiral  striation  or  spiral  fibers,  but  towards  the  interior  loose 
parenchyme  free  from  starch  and  containing  very  large  oil  cells.  The  testa  is 
formed  in  the  first  place  of  a  row  of  small  yellow  thick-walled  cells.  Next  to  them 
follows  the  true  testa,  as  a  dense,  dark  brown  layer  of  lignified  cells,  the  individual 
outlines  of  which  are  indistinguishable.  The  albumen  of  the  seeds  consists  of  angu- 
lar, radially  arranged,  large-celled  parenchyme.  Most  of  its  cells  are  colorless  and 
loaded  with  starch,  others  contain  a  soft  yellow  amorphous  mass.  If  thin  slices  are 
kept  under  glycerine  for  some  time,  these  masses  are  slowly  transformed  into  needle- 
shaped  crystals  of  piperin. 


Fig.  11.  Pepper  husk,  cross-section,     ep,   epidermis;  a,  stone  cells;  h,  parenchyme  with  oil  cells;  c, 
spiral  vessels  ;  rf,  inner  parenchyme ;  e,  inner  layer  of  stone  cells.     (After  Schimper.) 


Of  the  structure  described  so  well  in  the  preceding  lines,  of  a  portion 
of  which  a  diagramatic  illustration  is  given  in  Fig.  11,  after  Schimper, 
only  parts  are  readily  found  in  the  i)Owdered  pepper  of  the  shops.  The 
angular  cells  of  the  interior  of  the  seed  are  of  course  the  most  prominent, 
and  when  once  seen  their  characteristic  form  and  contents  are  easily  rec- 
ognized again.  The  structure  of  the  outer  coats  is  made  out  with  more 
difficulty.  It  is  well,  before  attempting  to  do  so  on  a  ground  pepper, 
to  soften  some  whole  black  and  white  pepper-corns  in  glycerine  and 
cut  sections  from  various  parts  of  the  exterior  of  the  berry.  Taking 
the  white  pepper  first  it  will  not  be  found  difficult  in  such  sections 
mounted  in  glycerine  to  pick  out  three  layers  of  different  cells  compos- 
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ing  the  outer  coat  of  the  coru,  beside  tlie  anguhir  large  cells  of  the  in- 
terior, which  are  filled  with  starch  aud  piperiiie,  the  latter  being  yellow 
in  color.  The  first  of  these  layers  and  outer  one  is  made  up  of  colorless 
large  loosel^^ -arranged  cells,  with  some  fibers,  more  compact  toward  the 
exterior  than  the  interior  of  the  layer  and  carrying  globules  of  oil.  This 
layer  makes  up  the  principal  part  of  the  husk  of  white  pepper.  The 
second  layer  is  a  part  of  what  Fllickiger  calls  the  testa,  and  consists  of 
small  yellow  cells,  thick  walled  and  closely  appressed.  ^ext  the  third 
layer  and  second  portion  of  the  testa  consists  of  liginitied  brown  cells, 
which  in  their  transverse  appearance  resemble  some  of  the  cells  of  mus- 
tard huUs.^  the  individuality  not  being  made  out  easily  owing  to  the 
thickness  of  the  walls.  Having  become  thoroughly  familiar  with  these 
appearances  the  white  ground  pepper  should  be  examined  and  will  be 
found  to  differ  in  the  way  in  which  these  coats  are  presented.  They  can 
be  recognized,  however,  and  must  be  studied  until  thoroughly  under- 
stood. The  presence  of  the  least  portion  of  adulterant  is  then  readily 
detected. 

The  black  pepper  is  not  as  simple  in  its  arrangement  as  the  white. 
The  maturity  of  the  latter  gives  its  structure  more  distinctness, 
while  in  the  black  the  more  or  less  shrunken  character  of  the  berry  ren- 
ders the  recognition  of  the  various  tissues  difficult.  In  a  section  from 
the  exterior  of  a  softened  black  pepper  the  interior  coats,  after  what 
has  been  learned  with  the  white',  will  be  quickly  recognized,  but  will  be 
found  to  not  be  as  plainly  developed.  The  coats  of  the  outer  pericarp, 
which  in  the  white  pepper  were  wanting,  will  be  found  t  o  be  dark-col- 
ored, shrunken,  and  confused,  so  that  ifc  will  require  much  study  to  dis- 
cover the  forms  of  cell  which  Fliickiger  describes.  It  will  be  found 
easier,  perhaps,  in  the  ground  black  pepper.  There  the  structures  al- 
ready recognized  in  the  ground  white  pepper  will  be  seen  and  in  addi- 
tion dark-brown  particles,  portions  of  the  outer  coats.  Careful  exam- 
ination of  different  particles  will  detect  some  which  consist  of  the  elon- 
gated vertical  exterior  cells,  containing  resin,  while  others  are  the 
shrunken  parenchyma  cells  of  the  second  layer,  whose  structure  is  in- 
distinct. 

Fliickiger  calls  the  first  layer  yellow,  which  hardly  seems  correct,  as 
the  appearance  is  nearly  black.  It  is  unnecessary,  however,  to  at- 
tempt a  minute  study  of  these  cells,  as  one  is  only  required  to  be  able 
to  recognize  their  appearance  and  in  addition  to  know  something  of 
the  relative  proportion  of  ground  pepper  which  they  should  form  as 
they  are  added  in  excess  as  pepper  dust,  the  wast  e  hulls  of  pepper  be- 
ing often  used  as  an  adulterant.  The  colored  portion  of  a  ground  black 
pepper  it  will  be  found  divides  itself  into  two  classes,  the  dark  par- 
ticles which  have  just  been  mentioned  and  the  deep  reddish  ones,  which 
are  made  up  of  the  testa  of  the  seed  aud  its  adherent  parenchyma. 
The  two  will  be  readily  recognized  and  distinguished  from  adulterants 
by  the  investigator. 
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The  differeuces  iu  the  appearance  of  the  peppers  from  various  sources 
is  sufficiently  marked  to  be  readily  noticed  wlien  samp  les  of  each  are 
placed  side  by  side,  bit  otherwise  it  is  almost  impossible  to  identify 
them.  The  best  method  of  judging  their  quality  and  the  one  in  use  iu 
the  trade  is  by  weight.  Malabar  is  considered  the  heaviest.  Blyth 
gives  the  following  figures  : 

100  peppercorns  of—  Grams- 

Penang 6.2496 

Malabar 6.0536 

Sumatra 5. 1476 

Trevy 4.5736 

Tellicherry 4.5076 

Tellicherry  is  the  Malabar  or  West  Coast  port,  so  that  variations  must 
occur,  as  would  be  natural,  in  different  samples. 
We  have  found  some  samples  to  weigh — 


Serial  'No. 


4514 
4840 
4894 
4895 
4896 

4516 


Source. 


Black. 

Unknown 

Unknown 

Acbeen 

West  Coast 

Singapore 

White. 

Unknown 

Singapore 


Weight  per 
luO    grams. 


5.  9000 
5.  4600 

4.  525 

5.  085 
4.870 


5. 1300 
4.  9600 


Percentage 

of  dust  and 

dirt. 


2.5 
4.3 

8.3 


1.4 


The  white  pepper  is  of  course  the  cleaner. 

ADULTERANTS. 


The  aommon  adulterants  to  be  found  in  peppers  are  said  to  be  flours 
or  starches  of  cereals  and  potatoes,  sago,  mustard  husk,  linseed  and 
capsicum,  pepper  dust,  sawdust,  gypsum,  and  other  odds  and  ends. 

Of  the  adulterations  of  pepper  Blyth  enumerates  many,  among  them 
the  celebrated  pepper  dusts  designated  as  "P.  D.",  "  H.  P.  D.,"  and 
<'  W.  P.  D.,"  and  known  as  pepper  dust,  composed  of  linseed  cake  -,  hot- 
pepper  dust,  composed  of  mustard  husks  chiefly,  and  white-pejiper  dust, 
composed  of  ground  rice.  In  this  countrj^  the  use  of  ground  corn  or  rice, 
mustard  hulls,  cocoanut  shells,  and  other  similar  refuse  is  very  com- 
mon, but  whether  they  have  been  derived  from  goods  sold  as  H.  P.  D.  and 
W.  P.  D."  we  were  unable  to  ascertain.  Other  refuse  is  also  frequently 
found  in  cheap  peppers,  but  sand  does  not  seem  to  be  as  often  added  here 
as  abroad.  We  have  found  the  white  peppers  much  freer  from  adul- 
teration than  the  black.  It  is  learned  from  Dr.  Ellis,  of  Toronto,  that 
roasted  cocoanut  shells  are  in  common  use  now  as  an  adulterant  of  all 
spices,  and  are  of  course  easily  intr  oduced  into  pei)pers.  They  have  not 
been  found  in  the  specimens  which  we  have  examined.     Pepper  husks, 
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mustard  bulls,  yellow  corn,  cracker  dust,  cliarcoal,  and  mineral  matter 
have  been  detected  by  their  characteristic  appearances.  The  presence 
of  pepper  husks  and  charcoal  is  generally  known  by  the  immensely  in- 
creased proportion  of  black  particles  in  the  field,  as  appears  in  Fig.  43, 
Plate  XYII.  A  careful  sorting  of  the  coarser  particles  under  a  low  power 
of  the  dissecting  microscope  and  selection,  for  example,  of  the  shining 
white  grains  of  rice  or  yellow  particles  of  corn  from  tlie  more  oily  pepper 
cells,  enables  us  to  examine  the  starches  separately  with  plain  and  polar- 
ized light.  The  appearance  of  the  true  pepper  powder  and  one  in 
which  rice  starch  is  present  is  given  in  Plate  XXII,  Figs.  43  and  44. 
Pepper  starch  is  so  much  smaller  than  any  other  which  we  meet  with, 
that  it  is  not  easily  confused  with  it.  Fig.  65,  Plate  XXVIII,  gives  an 
idea  of  its  size  as  compared  with  others.  With  the  dissecting  micro- 
scope it  is  also  convenient  to  go  ov^er  the  pepi^er  powder  and  j^ick  out 
any  other  class  of  suspicious  particles  for  examination  with  higher  power. 
With  a  little  i^ractice  it  soon  becomes  easy  to  tell  an  adulterated  speci- 
men even  with  a  cursory  examination  with  a  lower  power  or  a  hand  lens. 
In  this  way,  in  our  experience,  one  or  two  foreign  substances  have  been 
found  which  have  not  been  identified,  but  which  were  evidently  parts 
of  the  husks  or  coverings  of  some  seed  or  fruit.  The  shell  of  the  cocoa- 
nut,  as  has  been  said,  has  not  been  met  with  as  an  adulterant,  but  it  is 
not  at  all  difficult  to  ideutifj',  as  its  structure,  with  its  innumerable 
stone  cells  and  fibrous  tissue,  is  very  characteristic  after  treatment  with 
Schulze's  reagent. 

The  microscopic  examination  thus  gives  very  certain  indications  of 
the  quality  of  peppers,  although  frequently  the  eye  without  aid  will 
detect  a  fictitious  appearance.  The  chemical  examination,  on  the  other 
hand,  as  will  be  shown,  serves  as  a  reliable  means  of  confirmation  in 
many  instances,  and  gives  evidence  of  the  quantity  as  well  as  kind  of 
the  adulteration.  A  considerable  amount  of  information  has  been  ac- 
cumulated in  regard  to  the  proximate  composition  of  peppers.  Fliick- 
iger  quotes  authorities  for  the  statement  that  black  iiepper  contains 
from  1.6  to  2.2  per  cent,  of  volatile  oil,  of  the  character  of  a  terpene  and 
optically  active;  also  a  nitrogenous  substance  known  as  piperine  to 
the  extent  of  2  to  8  per  cent.  Husemann  and  Hilger*  give  reference  to 
papers  by  several  investigators  (seebiobligraphy),  and  describes  piperine 
as  soluble  in  alcohol,  and  less  so  in  ether.  This  substance,  which  is 
characteristic,  will  be  found,  therefore,  in  the  ether  extract  of  the  spice, 
together  with  the  volatile  oil. 

Blyth  has  made  an  examination  of  several  peppers,  and  gives  results 
which  are  useful  for  reference. 


Die  Pflanzeustofife,  B.  2,  S.  486. 
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Per  cent. 


Potash 

Soda 

Magnesia 

Lime 

Iron 

Phosphoric  acid 
Sulphuric  acid  . 

Chlorine 

Carhonic  acid . . 
Sand 


24.38 
3.23 

13.  00 

11.60 

.30 

8.47 

9.61 

7.57 

14.00 
6.53 


The  sand,  he  finds,  the  most  variable  constituent,  but  never  above  9 
per  cent,  of  the  ash  except  in  cases  of  willful  adulteration.  Phosphoric 
acid  averages  8.5  per  cent,  of  the  ash,  which  is  considered  characteristic. 
He  has  also  identified  nitrates  in  peppers,  finding  in — 


Per  cent. 


Penang 

Malabar  . . . 
Tellicherry 
Sumatra  . . . 
Trang 


04470 
03858 


. 06560 
,11870 


The  average  proximate  composition  he  finds  to  be — 


Per  cent. 


Volatile  oil 

Acrid  resin 

Pipeline 

Substances  soluble  iu  water,  gum,  starch,  and  other  matters 

substractiug  ash 

Substances  insoluble  in  alcohol  and  water   

Water 


1.04 
1.77 
5.17 

14.74 

67.75 

9.53 


100.  00 


Following  are  some  analyses  made  by  Blyth  in  1876 : 


Penang 

Tellicherry 

Sumatra 

Malabar 

Trang 

White  pepper  (com.) 
Long  pepper 


9.53 
12.90 
10.10 
10.54 
11.66 
10.30 


5.57 
4  68 
4.70 
4.  03 
4.60 
5.60 
1.80 


P.O- 


2.08 
1.70 
1.74 
1.74 
1.70 
2.05 
.80 


18.33 
16.  50 
17.59 
20.37 
18.17 

16.' 82 


Ash  in  pepper, 
dried  at  100°. 


2.21 

3.38 

2.62 

3.45 

2.53 

.56 

4.47 

4.18 
5.77 
4.31 
15.19 
4.77 
1.12 
8.30 
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The  process  for  the  estimation  of  piperine  approved  by  Blyth  is  ex- 
traction with  petroleom  ether  and  treatment  of  the  extract  with  sodic 
hydrate  to  remove  the  resin.  Subsequent  investigations  by  Lenz  con- 
demn this  method,  however. 

More  recently  Eottger  *  has  investigated  the  pepper-corn  with  especial 
coDsideration  of  the  question  of  detection  of  adulteration,  and  decided 
that  the  examination  of  commercial  peppers  should  be  directed  to  de- 
terminatious  of  the  inorganic  constituents,  the  percentage  of  water,  and 
the  microscope,  with  determinations  of  the  soluble  and  iusoluble  ash 
and  ijiperine  iv.  certain  iustances.  He  decides  that  the  alcohol  and 
ether  extracts  are  of  no  value,  quoting  great  variations  in  his  results 
and  those  of  others.     He  found — 


For  ether  ex- 
tract, indirectly 
determined. 

For  alcohol 

extract  of  90 

I)er  cent. 

white  pepppr       ...   ..... 

Per  cen  t. 
8.0  to  10.7 
7.9        12.1 

Per  cent. 
10.0  to  11.8 
12.  3        16.  7 

Borgmau,  Wolff,  and  Biechelet  likewise  have  determined  the  amount 
of  alcohol  extract,  but  have  neglected  the  ether  extract.  It  seems  diffi- 
cult to  understand  why  the  alcohol  extract  should  be  selected,  as  the 
ether  is  much  simpler,  and  refers  almost  directly-  to  the  amount  of  vola- 
tile oil  and  i)iperine  which  the  spice  contains,  without  so  much  of  the 
indefinite  resin  and  sugar  which  the  alcohol  extracts.  The  determina- 
tion of  water  was  made  as  follows  by  Eottger :  The  powdered  pepper 
was  placed  for  three  hours  over  sulphuric  acid,  and  a  portion  then 
weighed  out  and  dried  at  100^  C.  for  one  and  a  half  hours,  then  for  a  quar- 
ter of  an  hour  at  a  time  until  it  begins  to  gain  weight.  He  found  the 
variations  to  be  between  12.6  and  14.7  for  black  pepper,  and  12.9  and 
and  14.5  for  white  pei3per. 

This  striking  agreement,  he  considers,  makes  this  determination  of 
value.  It  is  open  to  serious  criticism  and  is  of  little  value,  in  our  view, 
for  the  following  reason:  By  consulting  our  investigations  on  the  hy- 
groscopic cliaracter  of  organic  matter  in  a  state  of  fine  division,!  it  will 
be  seen  that  allowing  peppers  to  remain  over  sulphuric  acid  for  three 
hours  would  not  accomplish  the  end  desired,  at  least  in  our  climate,  viz, 
reducing  the  moisture  in  all  to  a  constant  figure,  and  in  addition  Eottger 
takes  no  account  of  the  volatile  oil  lost  at  100°.  In  our  analyses  we  find, 
in  fact,  much  less  water  than  he  does,  as  is  usual  in  all  organic  material 
in  our  drier  climate,  and  no  greater  variation  among  the  peppers  than 
the  adulterated  specimens.  Practical  tests  of  the  method  also  proved 
unsatisfactory. 

*  Ber.  uber  d.  4  Ver.  Bayrisch.  Vertreter  tier  aiigew  Chemie,  97-102. 

tVide  Bibliograpliy. 

tBull.  No.  4,  Div.  of  Clieiii.,  Department  of  Agriculture. 
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The  per  cent,  of  ash  Eottger  finds  for  black  pepper  to  be  between 
3.4  and  5.1  per  cent,  white  pepper  between  .8  and  2.9  per  cent.,  with 
an  exception  in  the  case  of  Lampoug  x)epper,  which  has  6.4  per  cent. 
He  conclndes,  with  other  investigators,  that  G  is  the  highest  allowable 
figure  for  ash  in  black  pepper,  with  anything  above  5  as  suspicious. 
Three  per  cent,  is,  in  the  same  way,  the  highest  allowable  figure  for 
white  pepper. 

Of  the  composition  of  the  ash  he  says : 

The  facts  point  to.  the  couclasiou  that  an  exhaustive  investigation  of  the  mineral 
constituents  in  many  cases  may  be  of  beueiit  in  forming-  an  opinion  of  the  quality 
and  purity  of  peppers.  * 

He  found  the  following  extremes  : 


Black. 

White. 

re203 

9 

2 

MmOa 

K2O 

CI 

Si02 

27.  4  to  34.  7     1       5.  1  to     7.  1 
5  (i          8. 7     !         .5            .9 
1. 5          6. 3           10          2. 6 

P2O5  water  sol 

.11           .91 
8.  2         12.  5 

P2O5,  insol- 

10.  8        30.  7 

He  gives  the  following  detailed  analyses  : 

Percentage  composition  of  the  pepper  ash. 


EJack  pepper. 

White  pepper. 

TJnliiiown  ori-      Malabar, 
gin.                   1883. 

1 

Unknown     c;    „„..^r.„ 
origin.        Singapore. 

SiOa 

HCI 

SO3 

CO2 

P2O5 

K2O 

Na20  ..... 

CaO    

MgO 

F2O3 

Mn203.... 

6.  36  to    1.  61                 1.  54 

5. 59          6. 83                 «.  71 

4.03          4.05                4.00 

17.28        20.10  ^            19.17 

11.10           9.4G               11.00 

32.49         34.72               27.  P9 

1. 55          4. 77                 5. 50 

16.07         13.55               15.02 

3.31           4.46                 7.  .50 

2.  IC            .99                   .  85 

.81                                     .18 

i 

2.62 

.58 

3.24 

11.90 

29.34 

5.10 

.74 

35.12 

9.54 

2.22 

.89 

1.46 

.90 

.3.75 

10.01 

30.75 

7.15 

.84 

31.05 

11.64 

1.86 

.21 

Eottger  then  discusses  the  determination  of  the  piperine,  and  allows 
that  for  simplicity"  and  accuracy  dryiug  the  powder  with  milk  of  lime 
and  extraction  with  ether  is  to  be  preferred.  When  the  ether  is  pure, 
dry,  and  free  from  alcohol  we  find  lime  is  of  little  nse,  or  rather  a  com- 
plication, and  that  for  purposes  of  detecting  adulteration  the  ether  ex- 
tract alone  furnishes  all  the  information  desired. 

Jjeuzf  has  determined  the  amount  of  sugar  produced  by  inverting  the 
starch  in  fourteen  peppers,  and  in  the  common  adulterants,  with  acid. 
He  found  all  the  samples  gave  an  equivalent  of  more  than  50  per  cent. 

^Halenke  has  more  recently  discussed  this  subject:  vide  bibliography,  Appendix  A. 
t  Zeit.Anal.  Chem.,  1884,  23,  501. 
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of  sugar  on  the  ash  free  organic  matter  of  the  pepper,  while  all  the 
adulterants  gave  less  than  30  per  cent.,  with  the  exception  of  those 
which  are  starchy,  as  flours  and  meals. 

Eottger  repeated  this  determination,  showing  that  some  other  sub- 
stances besides  starch  were  inverted  by  the  acid,  and  obtained  the  fol- 
lowing results : 

Black  pepper  sugar  equivalent 57.2  to  60.3 

White  pepper  sugar  equivalent 59.6  to  74.4 

The  Lampong  pepper  gave  only  41.70.  Such  great  variatious  he  con- 
siders fatal  to  the  method  as  a  means 'of  detecting  adulterations.  His 
conclusions  seem  not  entirely  justified,  as  a  review  of  Lenz's  figures  will 
show. 

Lenz  in  his  paper  affirms  that  any  extract  determination  is  useless, 
as  with  various  adulterants  the  results  may  be  very  close  to  actual 
pepper.  Petroleum  ether  he  shows  to  be  unreliable,  the  amouut  of  ex- 
tract depending  on  the  kind  of  extraction  apparatus  used.  There  cer- 
tainly should  be  no  difficulty  of  purely  manipulative  detail  of  this  de- 
scription, for  if  sufficient  time  is  given  the  solvent  will  work  the  same 
under  all  conditions,  but  not  less  than  twenty  hours'  continuous  extrac- 
tion should  be  allowed,  and  it  is  not  fair  to  generalize  on  an  analysis 
where  the  extraction  was  continued  less  than  that  time,  the  poor  re- 
sults being  due  only  to  a  probable  faultily  manner  of  manipulation,  as 
we  have  met  with  no  such  trouble. 

Lenz's  conclusions  seem  hardly  just,  and  while  there  may  be  cases 
where  adulterants  would  not  be  detected  by  an  extract  determination, 
in  the  majority  it  is  a  great  assistance.  Lenz  also  refers  to  the  method 
of  separation  of  the  powdered  particles  of  pepper  adulterants  by  means 
of  liquids  of  certain  specific  gravities,  and  pronounces  it  usuitable.  He 
prefers  the  treatment  with  iodine  solution  and  the  selection  of  the  par- 
ticles not  blued  for  examination  under  the  microscope  as  adulterants. 
We  have  found  it  perfectly  simple  and  desirable  to  use  the  method  of 
separation  with  sieves,  and  to  examine  the  coarse  powder,  with  or  with- 
out treatment,  under  the  microscope,  when,  with  a  little  experience,  it 
is  easy  to  distinguish  and  recognize  the  source  of  particles  not  pepper 
after  a  careful  examination  with  high  powers. 

He  also  casts  doubt  upon  the  value  of  an  ash  determination,  and 
owing  to  the  great  variations  which  he  finds  quoted  as  possible,  recom- 
mends calculating  all  results  on  an  ash  free  basis.  He,  however,  admits 
that  a  carefully  and  properly  cleaned  pepper-corn  will  not  usually  con- 
tain more  than  6  per  cent.,  and  his  strictures,  therefore,  do  not  seem  to 
be  consistent.  He  places  reliance  only  on  the  process  of  his  own  inven- 
tion, determinations  of  sugar  corresponding  to  the  starch  and  other  in- 
vertible  substances,  with  supplementary  determinations  of  water  and 
ash  and  microscopic  examination.     His  results  were  as  follows  : 
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List  of  equivalent  percentage  of  reducing  sugars  in  ash  free  organic  substance  of  peppers  and 

adulterants. 


No. 

Name. 

Ash. 

residue. 

Ash  free 
dry  resi- 
due. 

Sugar 
equivalent 
in  sample. 

Sugar 
equivalent 
in  ash  free 
dry  sample. 

Kemarks. 

1 

Black  Batavia  pepper 

3.85 

87.68 

83.83 

43.8 

52.3 

Inverted  directly. 

2 

Long  pepper  (2) 

8.G8 

88.77 

80.12 

44.2 

55.2 

Inverted  after  ex- 
traction with  wa- 
ter. 

3 

Black  Singapore 

3.62 

86.88 

83.26 

43.9 

52.8 

Inverted  directly. 

4 

Do....f..  

3.62 

86,88 

83.26 

45.0 

54.1 

Inverted    after    ex- 

traction with  alco- 

!      hoi. 

5 

Do  

3.62 

86.88 

83.26 

44.1 

53.  0     After  water. 

6 

White  pepper 

.99 

87.59 

86.60 

51.8 

59.9  !        Do. 

7 

Palm-cake  meal  (1)  . . 

3.71 

89.76 

86.05 

22.7 

26.4 

After  water  and  al- 

cohol. 
Af  te  r  water. 

8 

Do 

3.71 

89.76 

86.05 

19.1 

22.2 

9 

Do 

3.71 

89.76 

86.05 

22.7 

26.4 

Direct. 

10 

Palm -cake  meal  (2)... 

3.65 

89.35 

85.70 

(22.4 
}  22.5 

26.1 
26.2 

I     Do. 

11  '        Do .. 

3.65 

89.35 

85.70 

19.7 

23.0     After  water. 

12     Palm-cake  meal  (3).. 

3.54 

89.88 

86.34 

19.4 

22.5 

Do. 

13     Palm-cake,  pure 

1.89 

93.44 

91.55 

11.1 

12.1 

After  ether  and  al- 
cohol. 

14  1  Pepper  husks 

15.61 

89.50 

73.89 

11.5 

15.6 

After  water. 

15     Pepper  husks  picked 

9.21 

88.64 

79.43 

13.0 

16.4 

Do. 

out  of  commercial 

16 

pepper. 
Commercial    pepper 

husks. 
Commercial   pepper 

20.29 

88.42 

68.13 

11.5 

16.9 

Do. 

17 

5.15 

88.  7C 

83.55 

35.9 

43.0 

Do. 

powder  containiug 

palm-cake  meal. 

18     Pe'pper    (3),  with  28 

3.59 

87.88 

84.29 

36.0 

42.7 

Do. 

j      per  cent,  of  palm- 

1      cake  meal  (3). 

19  i  Same  with    42.4  per 

3.58 

88.38 

84.80 

33.7 

39.7 

Do. 

1      cent. 

20     Walnut  shells 

1.04' 

89.34 

88.30 

17.7 

20.0 

Do. 

21  '  Buckwheat  meal 

2.10 

86.58 

84.48 

56.1 

66.4 

Direct. 

22     Dried    and     roasted 

1.15 

100.  00 

98.85 

86.3 

Do. 

i      bread. 

% 

23 

Do 

1.15 

100.  00 

98.85 

62.6 

After  water. 

Lenz's  method  of  inverting  was  this  :  3  to  4  grains  of  the  substance  to 
be  examined  was  treated  for  three  to  four  hours  in  a  flask  with  250  c.c. 
of  water,  being  repeatedly  shaken.  It  was  then  filtered  off,  washed 
with  water,  and  the  moist  powder  washed  back  into  the  flask,  and  to 
200  c.c.  of  water  25  c.c.  of  25  per  cent,  hydrochloric  acid  added.  The 
flask  was  provided  with  a  cork  and  tube  one  meter  long  and  placed  in 
a  bath  of  boiliog  water  and  kept  there  three  hours,  with  shaking.  It  is 
then  made  up  on  cooling  to  500  c.c,  after  careful  neutralization  with 
soda.  This  liquid  was  then  titrated  with  Fehling  solution.  When 
palm-cake  was  present  it  was  found  necessary  to  add  a  little  zinc  chlo- 
ride to  clear  the  solution.  Most  of  the  surrogates  for  pepper  used  in 
Germany  Lenz  found  to  be  free  from  starch,  so  that  this  method  would 
seem  to  be  of  wide  applicability.  He  remarks,  however,  that  other  sub- 
stances besides  starch  may  be  inverted,  and  for  this  reason  it  is  neces- 
sary to  adhere  closely  to  one  method  of  working.  We  shall  from  our 
own  experience  and  that  of  others  learn  more  in  regard  to  the  capa- 
bilities and  usefulness  of  this  method. 
22823— Bull.  13,  pt.  2^ 5 
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Haslinger  and  Moslinger*  have  also  published  some  observations  on 
pepper  and  its  adulteration  which  are  of  interest.  They  show  that  in 
Germany  the  addition  of  grains  of  paradise,  the  seed  of  Amomum 
Melegueta,  is  a  common  practice  whose  detection  can  be  accomplished 
most  readily  with  the  microscope,  after  a  study  of  the  structure  of  the 
grains  of  paradise,  which  is  very  characteristic.  The  starch  cells  are 
larger  than  in  pepper,  3  to  6  times  as  long  as  hard,  but  the  starch  itself 
is  scarcely  distinguishable.  The  cells  are  arranged  in  parallel  lines 
forming  bundles  pointed  at  the  end.  The  cells  remain  white  when 
treated  with  hydrochloric  acid,  while  those  of  pepper  are  yellower. 

These  writers  also  looked  into  the  ash  of  commercial  samples  of  pep- 
per and  found  from  4.1  to  27.0  per  cent,  of  inorganic  substance  insoluble 
in  hydrochloric  acid  where  in  peppers  ground  by  themselves  only  .3 
and  .8  per  cent,  occurred.  They  also  found  pepper  siftings,  pepper 
husks,  and  other  refuse  in  use  as  adulterants  and  followed  up  Lenz's 
suggestions  as  to  determination  of  reducing  sugar  produced  from  the 
samples  by  acid,  by  examining  pure  pepper  corns  ground  by  themselves, 
and  also  pepper  husks,  and  extending  the  determinations  to  cellulose 
also.  The  ''  dextrose,"  as  they  denominate  it,  was  determined  accord- 
ing to  Allihn,  the  "cellulose"  according  to  Henberger.  The  results 
were  as  follows : 


Dextrose. 

Cellulose. 

Black  pepper  pure .... ..... 

56.0 
16.4 

46.4 
40.8 
44.9 
41.5 
21.6 

15.6 
45.0 

23.4 
28.1 
23.3 
26.8 
37.4 

Four  samples  for  inTestigation  :  ^ 
II  ' 

III 

IV 

Pepper  siftiii'''s                    .  .. 

From  these  figures  they  give  the  following  formulae  for  calculating 
adulterations  where : 

x=\)GT  cent,  of  pure  pepper. 

2/=iDer  cent,  of  hulls. 

s=per  cent,  of  dextrose  or  cellulose  in  sample. 

a=per  cent,  of  dextrose  in  pure  pepper. 

&=per  cent,  of  dextrose  in  husks. 
For  the  dextrose  figures  : 

lOOs-1640 


For  the  cellulose  figures  : 


x= 


39.6 


4500-100^ 
2935~~ 


Ber.  4.  Ver.  Bay.  Verterter  ang.  Chemie,  104-110. 
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Calculated  on  this  basis  the  four  samples  were  found  to  consist  of: 


Pure  pepper  husks  and  pepper. 

On  the  ground 
of  dextrose  det. 

On  ground  of 
cellulose  det. 

I 

II 

in 

IV 

75.  8  and  24.  2 
61.6  38.4 
72. 1  27.  9 
63.  3            36.  7 

73.5   and    26.5 
37. 5             42.  5 
74.  0              26.  0 
65.  4              34.  6 

These  figures  show  a  fair  agreement,  and,  in  the  opinion  of  the  au- 
thors, entitle  the  method  to  consideration.  They  condemn,  however, 
severely  placing  any  reliance  on  determinations  of  the  alcohol  extract. 

Weigmann*  has  also  examined  a  number  of  pure  peppers,  and  obtained 
results  which  do  not  harmonize  with  those  of  Lenz.    He  finds : 


White. 

Black. 

Ash          

1.0  to    3.0 
55.  0       63.  0 
5.  0        6.  0 
12.0  1 

3.0  to    7.0 
32.  0       44.  0 
12.0       15.0 
O15.0 

starch  (Lenz  method) . . 

Fiber 

Water 

Our  experience  with  the  inversion  of  starch  by  acids  is  such  as  to 
make  it  seem  very  probable  that,  without  the  necessary  attention  to  de- 
tails, it  would  be  very  possible  to  obtain  such  results  as  those  last  given 
from  lack  of  complete  conversion  of  starch  to  reducing  sugar  or  the 
inversion  of  other  substances,  and  in  the  discussion  of  our  analyses 
this  will  be  referred  to. 

In  the  second  report t  of  the  Laboratoire  Municipal  de  Paris  the  sub- 
ject of  pepper  and  its  adulteration  as  practiced  in  France  is  discussed. 
There  whole  peppers  are  made  artificially  from  plaster,  gum,  and  a  little 
pepper,  and  the  ground  article  with  the  most  diverse  substances,  such 
as  hemp-seed  cake,  colza,  rape  and  beechnut  cakes,  starches,  residues 
from  the  manufacture  of  potato  starch,  mineral  matter,  sweeping  of 
spice  warehouses  sold  as  pepper  dust,  and  so  forth.  The  residue  from 
the  manufacture  of  potato  starch  has,  after  fermentation,  a  pungent 
taste  which  makes  it  a  desirable  adulterant,  but  the  most  common  one 
is  the  powdered  kernel  of  the  olive,  which  is  yellowish  white  in  color 
and  possesses  all  the  outward  characteristics  of  white  pepper  and  gives 
practically  the  same  amount  of  ash.  To  give  this  powder  the  proper 
taste  and  pungency  there  was  added  Cayenne,  powdered  bay  leaves, 
and  dried  and  powdered  orange  skins.  The  mixture  is  recognized  with- 
out difficulty  by  chemical  and  microscopic  examination,  the  latter  of 
which  gives  an  absolute  proof  of  the  character  of  the  substance. 

It  is  recommended  to  separate  the  olive  kernels  from  pepper  by  the 
use  of  a  mixture  of  glycerine  and  water  of  a  Sp.  Gr.  of  1.173  at  10^  C, 
in  which  the  former  sink.    After  decantation  they  can  be  examined 

*Rep.  anal.  Chem.  6,  399-40. 

tDocuments  sur  les  falsifications  desMatieres  alimentaires,  P^ris,  1885,  p.  688-695, 
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microscopically.  The  structure  is  that  characteristic  of  the  hard  thick- 
ened schlerenchyma  or  stone  cells,  polyhedral  and  elongated  in  shape 
with  thickened  walls  and  little  filiform  canals.  They  are  most  readily 
made  out  with  polarized  light,  toward  which  they  are  optically  active, 
while  the  remaining  particles  of  pepper  or  pepper  husks  are  not  seen  in 
the  dark  field,  being  inactive. 

Of  this  adulterant  H.  Eabourdin  has  made  some  investigations,  pub- 
lishing his  results  in  an  interesting  paper,*  giving  a  general  account  of 
jbhe  various  peppers  of  commerce  and  the  use  of  olive  stones  as  an 
adulterant,  as  well  as  other  materials  already  mentioned.  He  finds  no 
difficulty  in  recognizing  the  falsification  owing  to  the  presence  of  the 
numerous  sclerenchyma  or  stone  cells,  which  are  distinguished  readily 
with  polarized  light,  but  the  quantitative  determination  is  more  difficult. 
This,  however,  he  affirms,  can  be  accomplished  by  determining  the  resi- 
due left  on  boiling  the  suspected  sample  for  one  hour  with  1  per  cent, 
sulphuric  acid  after  thorough  washing  with  water.  In  the  course  of 
the  operation  the  presence  of  the  olive  stones  is  apparent  from  their 
clinging  in  the  form  of  a  reddish  powder  to  the  walls  of  the  flask  or 
beaker  in  which  the  digestion  has  taken  place,  and  separating  more  or 
less  from  the  pepper  hulls  on  account  of  their  different  specific  gravity. 

For  pure  peppers  the  following  percentage  of  residue  was  found: 


Per  cent. 

Mean. 

TeJlicherry 

30.  3  to  27.  8 

31.  5       31.  8 

28.  7        29.  2 
33.  2       34.  0 
33.  8        34.  2 

33.0 

37.  5       37.  7 

17.5 

29.  2       29.  0 

30.  5       35.  5 

29.4 
31.7 
29.0 
33.7 
34.0 

"37."  6 
17.5 

Penan  g     .......... 

White,  pure 

Powdered,  pure 

Do 

On  the  other  hand  olive  stones  were  found  to  contain; 


Per  cent. 

Mean. 

Coarse  gray 

74.  2  to  75.  0 

74.  2       74.  6 

74.5 

74.5 

65.5 

74.5 
74.4 

Coarse  white 

Fine  white 

Pepper  dust 

From  these  figures  the  following  factors  are  derived 


White  pepper 

Malabar,  Tellicherry,  and  Saigon  . . 

Alepy 

Others  known  as  light  peppers  — 

Olive  stones 

Pepper  refuse - 


Per  cent. 

17.5 
30.0 
32.0 
35.0 
74.5 
75.5 

'J.  de  Pharm.  et  de  CMmie,  [5],  9,  289-297. 
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And  if  y  is  the  per  cent,  of  residue,  a  the  per  cent,  in  pure  pejjper^  b  the 
per  cent,  in  olive  stones,  the  amount  of  addition  can  be  calculated  from 
the  following  equations : 

d?+y=100  ax-\-hy=p 

p—a 

y=  — 

J)— a 

where  h  can  be  replaced  by  74.5  or  65.5  as  the  case  may  be. 

Working  in  this  way  10  ground  peppers,  guaranteed  pure,  were  found 
to  contain  from  10  to  60  per  cent,  of  olive  stones,  and  these  contained 
"P.D."  to  the  extent  of  11  to  20  per  cent. 

Control  experiments  with  known  mixtures  seem  to  have  been  satis- 
factory. 

The  same  author  also  extended  his  experiments  to  a  comparison  of 
the  properties  and  separation  of  the  cellulose  derived  from  a  mixture  of 
pepper  and  olive  stones,  depending  upon  the  difference  in  specific 
gravity,  with  results  which  can  be  found  in  his  original  paper. 

The  residues  of  starch  factories  always  contain  enough  starch  grains 
to  make  their  identification  easy. 

Very  recently  Chas.  Heisch*  has  given  in  the  Analyst  his  experience 
in  the  examination  of  peppers,  to  see  if  there  were  any  reliable  mode 
of  judging  of  the  amount  of  adulterants  in  adulterated  samples  except 
by  determinations  of  ash  which  give  no  indication  of  added  organic 
matter.  He  also  endeavored  to  find  if  it  were  possible  to  cleanse  pep- 
per corns  so  that  the  ash  should  be  free  from  sand.  Assisted  hy  a 
large  buyer  and  grinders  of  pepper  he  found  that  as  the  result  of  the 
grinder's  experience  no  ground  pepper  should  be  sent  to  market  which 
contains  over  6  per  cent,  of  total  ash.  In  this  respect  they  agree  with 
the  Bavarian  chemists.  He  also  placed  some  faith  in  the  determina- 
tion of  starch  and  calculated,  as  did  Lenz,  his  results  on  dry  ash  free 
organic  matter. 

The  starch  was  estimated  *'  by  boiling  tho  finely  ground  pepper  for 
three  hours  with  10  per  cent,  hydrochloric  acid,  and  taking  the  rotation 
in  the  resulting  liquid."  He  endeavored  to  check  his  results  by  deter, 
mining  that  there  was  insufficient  "  gum  or  other  matters  to  affect  the 
rotatorj"  power"  but  neglects  to  see  how  much  of  the  substances  allied 
to  cellulose  are  converted  into  optically  active  substances  which  would 
probably  be  important.  Stating  the  results,  however,  as  reducing  sugar 
equivalent  to  pepper  with  Lenz,  the  error  becomes  of  slight  importance. 

The  determination  of  piperine  was  rough,  and  the  results  seemed  of 
little  service. 

•Analyst,  2,  166-190,  October,  1886. 
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The  results  were  as  follows : 


No. 


Name  of  sample. 


Ash  of  dry  pepper. 


"So 


On  asli  and  water 
free  pepper. 


o  o 


23 


Black  Pepper: 

Acheen  Penang 

Trang 

Singapore 

Tellicherry 

Penang  

Tellicherry  (brushed) 

Gray  light  dusty  Singapore 

Good  B,  Singapore 

White  Pepper: 

Penang  

Singapore 

Siam 

As  ground  for  market: 

Fine  white 

Finest 

I  super 

Long  pepper: 

No.l.H 

No.2,T 

Black  pepper  husks 

Do.,  with  same  whole 

Sifting  before  grinding 

Black  pepper,  for  sale  of  which 
fine  was  inflicted 

Poivrette  used  to  mix  with  pepper 

10  per  cent,  poivrette,  90  per  cent. 
No.  4 

30  per  cent,  rice,  70  per  cent.  No.  4 


9.46 
9.22 
14.36 
13.76 
12.98 
13.01 
13.94 
14.10 

15.86 
17.32 
13.67 


13.90 
14.13 
14.40 

12.15 
14.93 
12.37 
12.60 
7.96 

11.12 

8.52 

13.34 
12.76 


8.99 
8.85 
5.41 
5.28 
6.45 
6.41 
5.39 
4.35 

3.78 
1.28 
1.81 

1.58 
2.18 
1.41 

13.48 

11.98 

11.90 

9.04 

51.39 

14.70 
3.85 

5.04 
3.10 


1.54 

1.  GO 
2.07 
3.34 
3.10 
2.38 
2.48 
2.48 

0.62 
.22 
.25 

.16 
.50 
.37 

2.28 
2  37 
2.12 
3.00 
1.02 

2.02 


3.07 
3.83 
2.52 
1.90 
2.44 
2.84 
2.18 
1.51 

2.80 

0.85 

.92 

.90 
1.50 
1.03 

5.52 
5.83 
6.37 
4.12 
6.47 

4.07 
1.05 

1.78 
1.39 
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.r-2 

.17 
.00 

5.68 
3.69 
3.41 
1.92 
43.90 

8.61 
1.84 


.03 


.72 
.81 
.91 
1.41 
1.19 
1.57 
1.09 
1.14 

.22 
.00 
.11 

.00 
.11 
.11 

.53 


.02 


0.21 
1.14 


48.53 
54.06 
56.24 
56.67 
51.06 
55.87 
54.93 
54.54 

77.68 
76.35 
76.27 

75.31 
84.69 
85.26 


46.16 
41.71 
47.36 


35.85 
0.00 


49.98 
88.21 


12.26 
12.28 
12.41 
12.67 
16.20 
13.62 
11.62 
10.47 

9.73 


10.60 
9.53 
9.63 

8.29 

8.52 

13.81 

13.07 

7.52 

11.57 
2.31 


6.04 
4.05 
7.14 
6.88 
9.38 
7.86 
6.30 


5.54 
6.14 
5.13 

4.51 
4.70 
4.50 

1.71 
1.70 
4.84 
4.10 
1.15 


Of  the  above  samples  E"os.  1  to  5  and  7  to  8  were  black  pepper  corns 
ground  just  as  imported.  The  uniformity  in  the  starch  in  all  these  lead 
Heisch  to  believe  that  any  result  under  50  per  cent,  should  be  regarded 
as  suspicious,  it  being  very  easy  to  detect  the  addition  of  foreign  starch 
such  as  rice.  Of  the  white  peppers  the  first  three  are  white  pepper 
corns  ground  as  imported,  the  next  three  black  corns  decorticated  in 
England  and  then  ground. 

Of  the  long  pepper  Heisch  says  the  starch  is  double  the  size  of  the 
ordinary  and  much  more  angular  and  like  rice.  Care  must  be  taken 
therefore  not  to  confound  them.  The  poivrette  is  made  from  olive 
stones. 

The  figures  are  of  interest  and  would  seem  to  confirm  the  work  of 
Lenz. 

Prof.  J.  Campbell  Brown  has  devoted  much  time  to  the  subject  of 
pepper  and  has  very  recently  called  attention  in  England  to  an  adul- 
terant which  first  made  its  appearance  in  Liverpool  last  summer  and 
since  then  has  been  often  met  with.  It  is  known  as  pepperette  or 
poivrette,  and  proves  to  be  the  same  adulterant  so  often  mentioned  in 
France,  olive  stones.  It  resembled  walnut  shells  and  almond  shells 
somewhat,  but  olive  stones  more  so. 
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White  pepperette 

Black  pepperette 

Ground  almond  shells 
Ground  olive  stones . . 


Ash. 


Matters 
soluble  by 
boiling  in 

diluted 
acid. 


1.33 
2.47 
2.05 
1.61 


38.32 
34.55 
23.53 
39.08 


Albumi- 
nous and 
other  mat- 
ters soluble 
in  alkili. 


14.08 
17.66 
24.79 
15.04 


Woody- 
fiber,  insol- 
uble in  acid 
and  alkali. 


48.48 
47.69 
51.68 
45.38 


Starch. 


None. 
None. 
None. 
None. 


The  stones  of  olives,  imported  in  pickle  for  table  use,  gave  3.68  per  cent,  of  ash,  but 
well-wasbed  olive-stones,  tborougbly  burnt  to  a  white  ash,  gave  under  2  per  cent,  of 
ash-like  poivrette.  ^' White  poivrette"  is  therefore  cleaned  very  pale,  and  perhaps 
partly  bleached  olive-stones  or  precisely  similar  tissue  ;  black  poivrette  is  the  same, 
mixed  with  a  little  black  husk.  It  is  to  be  noted  that  although  it  contains  no  starch, 
yet  it  yields  some  sugar  to  Fehling's  solution,  after  being  boiled  for  some  time  with 
dilute  hydrochloric  acid.  The  quantity  depends  on  the  length  of  time  and  strength 
of  acid,  but  may  be  stated  approximately  about  10  per  cent.  It  is  important  to  bear 
this  fact  in  mind  when  making  a  full  chemical  analysis  of  pepper  containing  poivrette. 
After  removing  from  such  a  mixture  the  matters  soluble  by  boiling  in  dilute  caustic 
alkali,  the  woody  fiber  which  remains  has  a  yellow  color.  It  consists  of  the  poivrette 
and  some  of  the  cells  of  pepper  husk  and  one  of  the  subcortical  layers  of  the  pep- 
per berry.  The  pepper  cells  are  made  lighter  and  the  poivrette  cells  darker  by  the 
alkali,  so  that  the  two  are  more  nearly  of  a  similar  yellow  color  after  treatment  with 
alkali.  This  renders  it  more  difficult  to  distinguish  such  of  the  cells  as  have  some- 
what similar  markings,  but  it  enables  us  to  distinguish  more  clearly  as  poivrette  the 
many  torn  particles  which  have  no  definite  form  or  markings.  The  final  examination 
of  the  complete  cells  is  better  made  with  good  daylight  rather  than  with  artificial 
light,  and  in  a  portion  which  has  been  treated  with  water  only. 

The  pepper  cells  are  mostly  different  in  shape  and  are  colored,  and  have  generally 
a  dark  substance  in  the  interior.  They  are  not  numerous,  but  the  quantity  varies  in 
commercial  samples,  owing  to  the  modern  practice  of  decorticating  the  pepper  berry 
to  every  different  extent  possible,  and  mixing  the  various  portions  so  obtained,  in- 
cluding husks,  in  every  variety  of  proportion  with  each  other  or  with  ordinary  pep- 
per. Each  individual  analyst  must  make  himself  familiar  with  both  kinds  of  cells,  as 
no  description  can  convey  an  adequate  idea  of  either.  In  order  to  form  a  judgment 
regarding  the  proportions  of  the  different  chemical  constituents  of  commercial  sam- 
ples, we  require  to  know  the  chemical  composition  of  the  different  layers  of  the  pep- 
per-corn, and  I  hope  soon  to  communicate  to  the  society  some  figures  bearing  on  this 
point,  as  well  as  to  notice  some  other  substances  used  in  the  sophistication  of  pepper. 

It  is  interesting  to  note  that  the  exemption,  mentioned  in  section  8  of  the  sale  of 
food  and  drugs  act,  in  the  case  of  a  label  being  affixed  to  the  article  sold  intimating 
that  the  same  is  a  mixture,  does  not  apply  in  the  case  of  poivrette,  the  admixture  be- 
ing made  manifestly  for  the  purpose  of  fraudulently  increasing  the  weight  and  bulk. 

In  a  subsequent  note  Brown  t  warns  analysts  not  to  confuse  an  exces- 
sive amount  of  cortical  cells  of  tlie  pepper  husk  for  poivrette,  as  they 
are  somewhat  similar.  This,  however,  would  certainly  not  occur  if 
authentic  samples  of  pepper  and  olive-stones  were  used  for  comparison. 

Brown  also  contributes  a  paper  to  the  Analyst  §  on  the  use  of  ^Hong 
pepper,"  Chavica  Roochurghiiy  as  an  admixture  to  the  ordinary  ground 

*  Analyst,  12,  23-25. 
i  Analyst,  ISJ,  47-48. 
^S  Analyst,  12,  67-70. 
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article,  showing  tliat  it  should  be  discouraged,  from  the  fact  that  . 
brings  with  it  a  large  amount  of  dirt  and  mineral  matter,  and  has  a  dis- 
agreeable offensive  odor  developed  by  warmth.    Brown  says  : 

It  is  now  time  that  all  should  take  up  a  decided  position  in  regard  to  this  form  of 
adulteration.  Long  pepper  is  the  fruit  of  Chavica  RoxhurghU*  and  does  not  consist 
merely  of  the  berries  analogous  to  the  pepper-corns  of  the  true  pepper-plant;  it  hears 
much  the  same  relation  to  them  that  wild  grass-seed  would  hear  to  oatmeal.  It  consists 
of  the  small  berries  with  the  husks  and  indurated  coverings  hardened  together  and 
to  the  central  woody  stem,  much  in  the  same  way  that  in  pines  the  seed  and  cover- 
ings are  all  hardened  into  one  cone.  Long  pepper  is  for  the  most  part  derived  from 
wild  plants  of  Chavica  EoxhurgJiii,  which  grow  by  the  sides  of  the  water-courses  in 
India.  Consequently  it  always  brings  with  it  a  mass  of  dirt,  picked  up  from  the  soil 
of  the  banks  whereon  it  grows,  embedded  in  the  crevices  and  irregularities  of  the 
fruit,  which  dirt  the  native  collector  takes  care  not  to  lessen,  but  rather  to  increase, 
seeing  that  he  is  paid  by  weight  for  what  he  brings  down  to  the  merchants. 

In  commerce  we  find  accordingly  that  it  has  always  from  3  to  7  per  cent,  of  insoluble 
sand  and  clay,  in  addition  to  the  proper  ash  of  the  fruit.  And  it  is  difficult,  if  not  im- 
possible, to  clean  long  pepper  before  grinding  in  the  way  that  true  pepper  can  easily 
be  cleaned;  it  can  with  difficulty  be  cleaned  by  hand. 

The  ash  contains  a  very  large  proportion  of  salts  insoluble  in  hydrochloric  acid. 
When  ground,  the  hard  husk  and  woody  center,  as  well  as  the  dirt,  are  necessarily 
ground  along  with  the  minute  berries.  The  ground  long  pepper  contains  not  only 
sand,  but  more  woody  fibre  than  ground  genuine  pepper  of  the  corresponding  shade, 
although  not  so  much  total  cellulose  as  the  most  husky  black  pepper.  It  has  the 
composition  shown  by  Mr.  Heisch  in  his  paper.  I  can  confirm  his  results  by  the  fol- 
lowing : 

Analyses  of  long  pepper  carefully  cleaned  by  hand. 
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8.98 

1.1 

68.31 

49.34 

17.42 

10.50 

7.6 

4.9 

2.0 

3 

9.61 

1.5 

65.91 

44.61 

15.51 

10.73 

10.5 

8.6 

2.3 

Although  the  cost  of  long  pepper  is  at  present  nearly  as  high  as  some  very  inferior 
varieties  of  black  pepper,  yet  the  price  is  generally  decidedly  lower ;  even  now  long 
pepper  is  much  cheaper  than  the  pepper  with  which  it  has  been  sometimes  mixed  of 
late,  and  its  use  affords  a  handsome  illegitimate  profit,  to  the  detriment  both  of  the 
grocer  and  his  customer.  Long  pepper  has  been,  and  is,  legitimately  used  for  pickles, 
but  it  is  not  known,  nor  has  it  been  recognized  by  the  trade,  as  ground  long  pepper ; 
and  all  the  respectable  grocers,  and  others  of  whom  I  have  inquired,  say  decidedly 
that  they  would  not  buy,  nor  retain,  if  received,  any  ground  pepper  which  they  knew 
or  suspected  to  contain  an  admixture  of  long  pepper.  In  fact,  it  is  no  more  right  to 
give  pepper  containing  long  pepper  in  response  to  a  request  for  simply  ''pepper" 
than  it  would  be  to  give  horse-chestnuts  instead  of  Spanish  chestnuts  in  response  to 
a  request  for  simply  ''chestnuts."  It  may,  of  course,  be  sold  as  ground  long  pepper 
without  offense,  but  no  one  would  buy  it.  Not  only  is  long  pepper  a  fraudulent  ad- 
mixture in  ground  pepper,  but  it  is  objectionable  on  the  score  of  quality  and  flavor. 
Its  disagreeable,  offensive  odor  is  developed  by  warmth.  Any  candid  person  can 
convince  himself  of  the  real  cause  of  the  objections  which  housekeepers  and  grocers 


Known  also  as  Piper  officinarum  and  Piper  Longum. 
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alike  have  to  ground  long  pej^per  if  lie  will  beat  uj^  a  piece  of  cold  meat  between  two 
plates  and  sprinkle  some  fresb  long  pepper  on  it ;  the  smell  and  flavor  are  so  offensive 
that  be  will  feel  obliged  to  reject  tbe  meat. 

Mucb  of  tbat  wbicb  one  gets  wbole  in  sbops  is  very  old,  and  bas  lost  iiiucb  of  its 
flavor  and  strength,  so  small  a  sale  does  it  command. 

Tbe  presence  of  long  pepper  in  ground  pepper  may  be  determined  by  the  follow- 
ing characters : 

1.  Color. — If  any  serious  quantity  of  long  pepper  is  ground  in  with  the  ordinary 
pepper  it  imparts  some  of  its  peculiar  slaty  color;  but  this  is  made  mucb  lighter  by 
the  now  very  common  practice  of  sifting  out  much  of  tbe  darker  or  husky  portions  of 
the  long  pepper  before  mixing  it  with  the  genuine  pepper.  Bleaching  is  also  resorted 
to,  but  not  hitherto  very  effectively. 

2.  The  odor  of  the  mixture  when  warmed  is  unmistakable  by  an  educated  olfactory 
sense,  even  if  the  quantity  is  comparatively  moderate.  Attempts  are  made  to  disguise 
the  odor  by  bleaching,  but  this  bas  not  been  successful.  Tbe  ethereal  extract  also, 
and  even  tbe  alcohol  extract  from  which  tbe  solvent  has  been  evaporated  at  a  low 
temperature,  yields,  when  warmed,  the  characteristic  odor  very  plainly, 

3.  Long  pepper  introduces  sand  into  the  pepper  with  which  it  is  mixed,  often  to 
a  considerable  amount.  If  the  pepper  is  white,  this  bas  more  importance  than  has 
hitherto  been  accorded  to  it ;  for  white  pepper  does  not  contain,  even  as  imported,  2^ 
per  cent,  of  sand,  and  any  white  pepper  containing  so  mucb  sand  must  have  had  tbe 
sand  improperly  introduced,  either  by  direct  mixing  of  Calais  sand  or  in  some  other 
way. 

Long  pepper  from  which  tbe  busk  particles  have  been  sifted  out  when  added  to 
white  pepper  invariably  introduces  its  sand  along  with  it,  as  well  as  some  spent 
bleach,  if  attempts  have  been  made  to  bleach  it. 

4.  Tbe  woody  matter  in  ground  long  pepper  is  always  considerable,  arising  both 
from  the  smallness  of  the  berries,  compared  with  the  hardened  setting,  and  from  the 
central  woody  tube.  This  may  be  detected  either  by  chemical  analysis  or  by  tbe 
microscope,  and  some  of  it  by  tbe  naked  eye  or  a  large  hand  lens. 

If  the  sample  is  spread  out  in  a  smooth  thin  lajxr  on  strong  paper,  by  means  of 
an  ivory  paper-knife,  pieces  of  fluffy  woody  flber  will  be  detected,  especially  if  the 
smooth  thin  layer  be  tapped  lightly  from  below.  Those  pieces  come  from  the  central 
part  of  tbe  iudurated  catkin  wbicb  cannot  be  completely  ground  fine  as  genuine 
pepper  stalks  are,  and  are  very  characteristic  if  carefully  examined.  Much  of  thete 
are  of  course  removed  by  the  grinders'  sieves,  but  enough  finds  its  way  through  the 
meshes  of  the  silk  to  be  useful  as  a  corroborative  indication. 

5.  Particles  of  husks,  if  present,  can  be  distinguished  from  genuine  pepper  husks. 

6.  A  propoi'tion  of  the  starch  granules  of  long  pepper  are  of  larger  size,  above 
.0002  inch,  and  of  angular  shape,  very  slightly  smaller  than  rice  granules,  and  more 
loosely  aggregated  in  clusters  or  isolated. 

Brown  also  calls  attention  to  the  statement  of  authorities  that  genuine 
pepper  starch  is  round  in  form,  and  shows  that  this  is  not  always  the 
case.  By  reference  to  our  illustration,  Fig.  Q5^  Plate  XXYIII,  it  will 
be  seen  that  he  is  correct.  He  has  lately  found*  thatDhoura  corn,  a 
variety  of  sorghum,  is  being  largely  used  in  England  as  a  diluent  of  pep- 
per. The  grain  is  well  known  in  this  country  as  Egyptian  corn,  and  is 
a  common  crop  in  the  South  and  Southwest,  but  has  not  been  used  here 
as  an  adulterant.    Brown  says  : 

I  have  met  with  it  only  about  four  times  in  pepper,  but  it  probably  occurs  more 
frequently  in  other  districts.      It  is  known  in  England  as  great  millet  or  Turkish 

*  Analyst,  12,  89-90. 
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millet,  and  is  the  grain  (witli  an  integument,  but  without  the  husk)  of  one  of  the 
cereal  grasses,  Sorghum  vulgare. 

It  is  a  roundish  or  oval  somewhat  flattened  grain,  size  from  one-eighth  to  one-fifth 
of  an  inch  in  diameter,  white  in  color  and  brittle,  with  a  thin,  smooth  integument  or 
testa,  showing  under  a  high  microscopic  power,  on  the  inner  surface,  an  aggregation 
of  very  small  granules,  which  become  blue  by  iodine.  The  body  of  the  seed  is  very 
white,  and  consists  mainly  of  roundish  or  irregular  starch  granules,  varying  in  size 
from  .0001  up  to  .0006  of  an  inch  in  diameter,  and  showing  under  polarized  light  a 
nearly  right-angled  cross  ;  and  of  larger  irregularly  rounded  granules  of  starch  from 
.0005  up  to  .0013  of  an  inch  in  diameter,  showing  no  cross,  or  only  a  very  faint  one, 
under  polarized  light. 

Some  of  the  first-named  granules  have  a  hilum  and  star  in  the  centre,  somewhat 
like  bean  starch.  By  boiling  with  caustic  alkali  the  cellular  membrane  which  binds 
the  starch  granules  together  is  disclosed. 

The  influence  of  an  admixture  of  sorghum  with  pepper  upon  analysis  of  the  latter 
will  be  seen  from  the  following  analysis  of  sorghum  grains  : 

Moisture  11  per  cent. 

Composition  of  the  dried  sample. 


Ash 

Soluble  in  10  per  cent,  hydrochloric  acid 

Starch '. , 

Albuminous  matters  soluble  in  caustic  alkali 

Cellulose 

Alcoholic  extract 

Ethereal  extract 

Nitrogen 


I. 

II. 

1.31 

J.  69 

90.70 

87.80 

75.20 

73.00 

6.71 

7.96 

2.56 

4.19 

10.  36 

7.96 

10.  iO 

7.30 

1.82 

1.79 

There  would  be  no  dif&ciilty  in  detecting  it. 

Although  as  yet  these  substances  do  not  seem  to  have  reached  us  as 
far  as  the  samples  which  we  have  examined  show  they  must  be  care- 
fully watched  for. 

In  this  country  considerable  has  been  published  as  to  the  adulterations 
of  pepper,  but  little  in  regard  to  the  manner  of  detecting  them.  We 
have  already  spoken  of  the  large  numbers  of  samples  which  have  been 
examined  in  different  years  by  the  public  analysts  of  Canada  and  smaller 
numbers  by  those  of  Massachusetts  and  ]N"ew  York.  Eeference  to  the 
reports  of  the  department  of  inland  revenue  of  the  Dominion  (supple< 
ments  on  adulteration  of  food)  shows  th  at  wheat  flour,  husks,  cayenne, 
coacoanut  shells,  and  pepper  dust,  milling  refuse,  pea  meal,  and  sand 
and  clay  are  in  very  common  use.  In  the  United  States  the  samples 
examined  have  apparently  proved  no  better,  for  while  in  Canada  in  1885 
twenty-nine  out  of  sixty  samples  were  adulterated  mostly  from  10  to  20 
per  cent.,  but  reaching  75  per  cent.j  in  Xew  York  in  1882,  out  of  forty- 
seven,  thirty- three  were  adulterated,  and  in  Massachusetts  in  1884  Wood 
found  one  hundred  and  four  In  one  hundred  and  ninety-nine  impure, 
and  in  1883  69  to  70  per  cent,  were  bad. 

We  are  thus  supplied  with  considerable  experience  in  the  examina- 
tion of  peppers,  the  results  of  which  furnish  the  basis  of  a  scheme  for 
general  use.  Thus  in  examining  a  sample  I  should  propose  to  proceed 
as  follows : 
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METHOD   OF   EXAMININO   PEPPERS   MICROSCOPICALLY. 

As  a  preliminary  tlie  sieve  examination,  already  mentioned,  is  of 
value,  the  coarser  particles  left  upon  a  40  or  60  mesh  sieve  frequently 
revealing  the  nature  of  the  adulterant  or  the  too  large  proportion  of 
pepper  husk.  Afterwards  it  is  well,  with  a  good  dissecting  microscope 
and  a  power  of  15  to  30,  to  sort  over  the  ground  pepper,  and  judge  of 
the  frequency  of  the  occurrence  of  the  coarse  particles,  which  after  a 
little  experience  there  will  be  no  difficulty  in  doing.  The  presence  of 
sand  or  a  notable  excess  of  P.  D.  can  also  be  detected  and  estimated  in 
this  simple  way.  Backgrounds  of  white  and  black,  with  reflected  light 
and  afterwards  transmitted  light,  may  be  used  in  the  manner  so  con- 
veniently afforded  by  Zeiss's  stand,  made  for  tbis  purpose. 

A  portion  of  the  powdered  pepper  or  the  separated  coarse  particles 
should  also  be  treated  with  chloral-hydrate  solution  for  twenty-four 
hours,  ^o  render  it  more  transparent  for  examination  with  higher  pow- 
ers, and  in  the  mean  time  the  coarse  particles  sieved  from  the  powder 
may  be  examined  under  a  one  and  a  one-half  inch  objective,  and  then 
crushed  and  re-examined,  using  both  plain  and  polarized  light.  In 
this  way  husky  matter  may  be  distinguished  and  foreign  starches 
detected.  Polarized  light  is  then  the  means  of  bringing  out  more 
plainly  the  starches,  the  proportion  of  which  iodine  will  reveal,  mak- 
ing due  allowance  for  the  small  granules  of  pepper  starch  and  all  op- 
tically active  tissue,  such  as  the  bast  fibers  and  sclerenchyma  or  stone 
cells,  which  are  found  in  olive-stones  and  cocoa- nut  shells. 

The  structure  of  the  pepper  itself,  as  has  been  explained,  is  so  char- 
acteristic as  not  to  be  readily. confused  with  foreign  matter.  In  the 
chloral  hydrate  preparation,  which  should  now  be  examined,  much  of 
this  disappears  as  the  starch  is  much  swollen  by  this  reagent.  The 
husky  matter  present  is  rendered  thereby  so  much  clearer  on  the  other 
hand  that  its  identification  and  differentiation  is  made  much  easier,  and 
it  is  here  that  the  possibility  of  fixing  the  source  of  the  adulterant  will 
often  lie. 

Experience  with  a  half  dozen  samples  from  a  cheap  grocery  in  com- 
parison with  a  laboratory  sample  of  pure  pepper  will  soon  teach  onci  the 
best  means  of  making  out  what  has  been  briefly  described. 

It  has  also  been  found  most  valuable  to  digest  about  a  gram  of  pep- 
per with  nitric  acid,  sp.  gr.  1. 1,  and  chlorate  of  potash  for  several  hours, 
or  until  the  color  is  bleached.  It  is  then  possible  to  distinguish  the 
denser  cellular  structure  more  easily  than  in  any  other  way,  particu- 
larly the  stone  cells  which  make  up  the  larger  part  of  the  cocoanut 
shells  and  ground  olive  stones,  especially  with  polarized  light,  being 
careful  not  to  confuse  the  stone  cells  of  the  pepper  husk  with  those  of 
olive  stones  or  other  adulterants.  Charcoal  at  the  same  time  remains 
unbleached. 

To  determine  the  merits  and  correctness  of  the  various  chemical  i)ro- 
cesses  and  statements  in  regard  -to  them  previously  referred  to,  a  series 
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of  pure  whole  peppers,  direct  froiD  importers,  aud  of  the  coiDmercial 
ground  article,  have  been  collected.  The  results  also  reveal  the  extent 
and  nature  of  the  adulteration  practiced  in  this  part  of  the  country. 
The  specimens  were  of  the  origin  described  below. 

Sources  of  specimens  of  pepper.  • 

WHOLE  PEPPERS. 


No. 

Kind. 

Remarks. 

4514 
4840 
4894 
4895 
4896 
4516 
4898 

Whole  black.... 
...  do  

First  quality,  probably  west  coast. 
West  coast,  direct  from  importer. 
Aachen,  direct  from  importer. 
West  coast,  direct  from  importer. 
Singapore,  direct  from  importer. 
Eirst  quality,  source  doubtful. 
Singapore,  direct  from  importers. 

do       ... 

. .  do 

do 

Whole  white.... 
...Do 

GROUND  PEPPERS. 

4515 

4523 

28 

33 

37 

43 

52 

53 

4883 

4884 

4524 

4544 

4555 

4882 

; 

Black 

...do 

.--.do  

.-..do  

...do 

.--.do  

...do 

do 

First  quality,  grocers'  guaranteed  pure. 
Ground  in  Washington. 
Ground  in  Baltimore. 

Do. 

Do. 
Ground  in  London,  guaranteed 
Ground  in  Washington. 

Do. 
Ground  in  Baltimore,  low  grade  "  Best." 
Ground  in  Baltimore,  low  grade  "Pure." 
Ground  in  Washington. 
Ground  in  London,  "'Pure." 
<  iround  in  Washington. 
Ground  in  Baltimore. 

...do  

....do 

White 

do 

do       .     . 

do 

MECHANICAL   AND   MICROSCOPICAL   EXAMINATION. 

The  weight  of  the  whole  peppers  and  the  amount  of  dirt  present,  as 
they  are  imported,  have  been  given  already.  In  the  ground  condition 
they  of  course  displayed  the  normal  structure  of  the  berry,  as  has 
been  already  described.  No  farther  reference  is  necessary,  therefore, 
under  this  head.  In  the  ground  specimens  the  following  peculiarities 
were  noted. 

4515.  Sifting  reveals  the  presence  of  pepper  stems  which  should  not 
be  present,  showing  that  the  pepper  was  ground  without  cleaning  and 
an  undue  proportion  of  husky  matter,  unbleached  by  nitric  acid  and 
chlorate. 

4523.  This  specimen  is  very  coarsely  ground,  a  large  proportion  of 
husk  remaining  on  the  40-mesh  sieve,  among  which  evidence  of  the 
presence  of  maize  could  be  distinguished,  and  that  P.  D.  in  some  form 
must  be  present. 

4528.  Sifting  separated  light  chaffy  and  fibrous  matter.  The  micro- 
scope detected  yellow  corn  and  its  hulls. 

4533.  This  proved  of  very  bad  quality,  the  siftings  consisting  of  bran, 
roasted  shells  or  charcoal,  and  corn.  The  microscope  was  confirmatory, 
and  the  presence  of  the  roasted  shells  prevented  bleaching  with 
Schulze's  reagent. 


This  is  evidently  a  P.  D.  pepper  of  the  worst  sort. 
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4537.  Sifting  and  examination  showed  the  presence  of  P.  D.  in  some 
form  and  corn.    It  contains  no  roasted  matter  or  charcoal. 

4543.  Proved  to  be  quite  pure  and  well  ground,  all  the  material  pass- 
ing a  40-mesh  and  nearly  all  a  60-mesh  sieve.  This  is  the  only  pure 
ground  sample  met  with. 

4552.  Sifting  shows  .the  presence  of  a  complicated  collection  of  adul« 
terants,  husks  of  various  origin,  &c.  Microscopic  examination  detected 
mustard  hulls,  corn,  roasted  shells,  or  charcoal  not  bleachable,  and  other 
foreign  material  not  identified. 

4553.  Contains  mustard  hulls  and  branny  matter,  but  no  charcoal. 
Bad. 

.4883  and  4884.  From  the  same  mill  in  Baltimore  were  the  worst  speci- 
mens met  with.  They  contained  but  little  pepper  and  were  made  up  of 
P.  D..  yellow  corn,  cracker  dust,  cayenne,  charcoal,  and  other  foreign 
matter. 

4882.  A  white  pepper  from  the  same  source  was  of  the  same  origin, 
leaving  out  the  black  elements. 

4524  and  4544.  These  white  peppers  were  found  to  be  pure,  but  the 
former  not  carefully  decorticated. 

4555.  Contained  foreign  starchy  matter  and  probably  cayenne.  Sift- 
ing revealed  nothing  abnormal. 

These  examples  serve  to  show  the  variations  which  are  met  with  and 
what  the  analyist  may  expect.  It  is  always  well,  also,  to  be  on  one^s 
guard  for  something  new. 

As  a  confirmation  of  the  physical  examination  and  a  means  of  deter- 
mining the  amount  of  adulteration  in  the  several  cases  determinations 
were  made  of  the  proximate  composition: 
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The  analyses  of  the  pure  specimens  of  pepper  show  that  m  all  the 
amount  of  water  was  between  8  and  10  per  cent.  This  is  of  course  va- 
riable with  surrounding  conditions.  The  ash  in  black  peppers  did  not 
exceed  4.7  per  cent.,  and  in  white  1.4.  It  is  fair  to  believe  that  anything 
above  5  per  cent,  for  black  and  2  per  cent,  for  white  is  suspicious,  other- 
wise adulteration  or  dirt  are  certainly  present. 

The  volatile  oil  varies  in  black  pepper  from  1.69  to  .70,  and  in  white 
1.26  and  .57  were  found.  This  determination  is  not  of  great  value  as  a 
means  of  detecting  adulteration.  Piperine  and  resin,  however,  fur- 
nish a  most  valuable  check  on  the  purity  of  the  samples.  In  the  whole 
berries  ground  by  us  both  black  and  white  contained  from  7.90  to  7.24 
of  these  substances,  showing  great  constancy  in  amount,  and  on  the  ad- 
dition of  adulterants  this  is  plainly  affected.  It  serves,  in  my  opin- 
ion, as  well  or  better  than  determinations  of  pure  piperine,  the  latter 
being  difficult  and  involving  loss,  as  has  been  shown  by  careful  exper- 
iments made  by  Mr.  Knorr  under  my  direction.  It  has  also  proved  im- 
possible to  make  determinations  of  piperine  by  the  combustion  orKjel- 
dahl  methods  by  application  of  Stiitzer's  copper  hydrate  process,  the  per 
cent,  of  nitrogen  being  so  small,  4.912  in  piperine,  as  to  make  the  error 
very  large  when  converting  the  former  to  the  latter,  the  necessary  fac- 
tor being  20.36.  Rottger's  objection  to  the  value  of  the  determination 
of  the  ether  extract  is  not  sustained  in  our  experience,  and  it  seems 
that  he  must  have  employed  inferior  ether,  which  is  often  the  cause  of 
serious  error.  Only  the  best  Squibb's  ether  or  its  equivalent  should  be 
used  for  extractions. 

The  alcohol  extract  appears  to  be  of  no  value. 

The  determination  of  starch  or  its  equivalent  in  reducing  sugars  has 
been  looked  into  with  care  and  the  conclusions  arrived  at  are  that  the 
results  are  of  value  when  carried  out  in  the  manner  which  has  been  de- 
scribed under  the  general  head  of  methods  of  analysis.  A  prelimi- 
nary extraction  with  alcohol  and  water  is  necessary  to  obtain  results 
which  are  fairly  constant.  Determinations  made  in  this  way  show  that 
black  peppers  contain  from  34  to  38  per  cent,  of  starch,  or  42  to  47  per 
cent,  of  substances  of  reducing  sugar  equivalent  calculated  on  dry  ash 
free  substance.  White  peppers  contain  in  the  same  way  from  40  to  43 
per  cent,  of  starch,  and  give  from  50  to  55  per  cent,  of  reducing  sugar 
equivalent  on  dry  ash  free  substance.  These  figures  are  not  as  high  as 
those  given  by  Lenz,  but  are  the  result  of  careful  work  on  pure  samples, 
extending  over  a  long  time  and  involving  much  experience.  It  is  be- 
lieved that  they  must  be  nearly  correct.  In  our  opinion  there  is  no  ad- 
vantage in  calculating  the  results  to  a  sugar  equivalent  unless  excessive 
moisture  or  ash  is  found  to  be  present. 

The  crude  fiber  in  the  black  peppers,  as  determined  by  our  methods, 
does  not  vary  far  from  10  per  cent.  One  sample  contained  but  8.74, 
and  of  course  in  the  white  peppers  the  amount;  is  much  reduced,  de- 
pending to  a  certain  extent  on  the  perfection  of  the  decortication  j  4  to 
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8  per  cent,  are  probably  fair  limits.  The  determination  is  of  compara- 
tive value,  revealing  the  presence  of  foreign  woody  or  fibrous  matter. 
The  albuminoids  do  not  vary  widely,  10  per  c  ent.  being  the  average, 
with  extremes  in  our  experience  of  7.69  and  11.50.  The  addition  of  ni- 
trogenous seeds  of  course  increases  the  amount,  and  of  fibrous  or  woody 
matter  diminishes  it.  As  will  be  seen,  therefore,  the  determination  is  a 
useful  one.    The  variations,  then,  may  be  summarized  as  follows : 


Black. 

White. 

'W'ater           

8.0   to  11.0 
2. 75  to   5.0 
.50  to   1.75 
7.0  to  8.0 
32.0   to  38.0 
8.0   to  11.0 
7.0   to  12.0 

8.0  to  11.0 
1.0   to   2.0 
.50  to   1.75 
7.0   to  8.0 
40.0   to  44.0 
4.  11  to   8.0 
8.0   to  10.0 

Ash 

Volatile  oil 

Piperine  and  resin  

Starch 

Crude  fiber     .....       ... 

A-lbuminoids .............................     .......  . 

With  these  pure  peppers  the  ground  samples  must  be  compared.  In 
the  table  the  determinations  which  are  suspicious  are  printed  in  full- 
faced  type.  All  but  one  of  the  black  peppers  are  convicted  of  adultera- 
tion on  the  chemical  evidence. 

The  first,  4515,  has  too  little  piperine  and  resin,  too  little  starch, 
and  too  much  fiber.  It  is  apparent  that  some  fibrous  or  woody  diluent 
has  been  added,  as  appears  from  the  microscopic  examination  to  be  true. 

Without  discussing  each  analysis  in  detail  it  may  be  pointed  out  that 
only  three  samples  contained  an  excess  of  ash,  as  a  rule  being  free  from 
mineral  adulterants,  and  the  three  cases  are  probably  only  dirty,  so  that 
the  addition  of  minerals  is  not  copiraon  in  this  country. 

The  piperine  and  resin  were  deficient  in  all  the  specimens  except  the 
one  pure  one,  revealing  at  once  sophistication. 

Starch  was  deficient  in  all  the  specimens,  in  the  pure  specimen  falling 
below  the  usual  limits,  which  at  the  same  time  was  more  than  usually 
husky,  thus  accounting  for  the  difference,  and  in  fact  in  all  but  two 
cases  there  was  present  more  fiber  in  the  peppers  than  we  have  consid- 
ered normal,  another  indication  of  the  presence  of  adulterants  or  dirt. 

The  albuminoids  in  two  cases  were  present  in  excess  ive  amount,  reveal 
ing  the  presence  of  some  foreign  seed  rich  in  nitrogen.  In  the  other 
specimens  the  adulterants  did  nob  throw  this  determination  far  away 
from  the  normal. 

In  the  white  peppers  the  presence  of  an  excessive  amount  of  starch  in 
4555  makes  it  suspicious,  and  the  great  deficit  in  piperine  and  excess 
of  starch  and  fiber  show  that  4882  is  adulterated. 

The  value  of  the  chemical  determinations  is  thus  plainly  illustrated. 
Perhaps  with  no  one  of  the  substances  which  are  considered  in  this  re- 
port are  the  indications  more  certain.  It  would  be  possible,  too,  in  an 
indirect  way,  by  means  of  proportions  such  as  have  been  already  men- 
tioned, to  calculate  with  an  approximation  to  accuracy  the  extent  of  the 
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adulteration.  It  is  fortunate  that  in  a  material  which  is  probably  more 
frequently  adulterated  than  any  other  the  presence  of  foreign  matter  is 
so  easily  detected. 

CAYENNE. 

Cayenne  or  red  pepper  is  the  powdered  pod  of  several  species  of  Cap- 
sicum^ a  genus  of  the  family  Solanacece,  to  which  the  potato  and  tomato 
belong,  the  commonest  species  being  C.  annuum  and  C.fastigiaUim^ 
known  also  under  many  synonyms. 

The  first,  Fliickiger  and  Hanbury  state,  furnishes  the  larger  kinds  of 
pod  pepper,  and,  as  they  believe,  much  of  the  cayenne  pepper  which  is 
imported  into  England  in  a  state  of  powder. 

C.fastigiatum  is  the  species  which  is  officinal  in  both  the  British  and 
United  States  pharmacopoeias.  It  is  grown  in  tropical  Africa  and  America 
and  appears  in  our  market  as  Zanzibar  pepper.  The  color  of  its  pow- 
der is  lighter  yellow  than  that  of  the  preceding.  The  two  species  fur- 
nish the  market  with  its  cayenne  pepper,  although  a  few  other  species 
are  sought  in  small  amount  for  their  peculiar  flavor. 

Of  the  microscopic  structure  Fluckiger  and  Hanbury  say : 

The  pericarp  consists  of  two  layers,  the  outer  being  composed  of  yellow  thick- walled 
cells.  The  inner  layer  is  twice  as  broad  and  exhibits  a  soft  shrunken  pare nchy me, 
traversed  by  thin  fibro-vascular  bundles.  The  cells  of  the  outer  layer  especially  are 
the  seat  of  the  fine  granular  coloring  matter.  If  it  is  removed  by  an  alcoholic  solution 
of  potash,  a  cell  nucleus  and  drops  of  fat  or  oil  make  their  appearance.  The  struct- 
ural details  of  this  fruit  afford  interesting  subjects  for  microscopical  investigation. 


Fig.  12.  Cayenne;  A,  outer  epidermis.    B,  alone  cells  of  the  inner  epidermis;  O,  epidermis  cells  of 
the  edge  of  seed.    (After  Schimper.) 

The  peculiarities  described  above  are  sc  distinctive  that  the  presence 
of  foreign  matter  is  easily  detected.     The  cells  of  the  pericarp  or  epider- 
mis are  of  a  peculiar  flattened  and  chain-like  angular  form  which  are 
22833— Bull,  13,  pt.  2 6 
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characteristic  of  cayenne.  The  other  structures  are  not  as  prominent^ 
but  are  not  liable  to  be  confounded  with  those  of  any  adulterants.  Dia- 
grammatic representatives  of  this  structure  are  given  in  Fig.  12,  and  the 
appearance  of  the  pure  ground  cayenne  under  polarized  light  in  Fig.  48, 
Plate  XXiy.  The  portions  of  the  seed  in  the  powder  are  not  readily 
distinguished  without  careful  examination.  They  are,  however,  char- 
acteristic and  contain  starch,  the  form  of  which  is  shown  in  Fig.  67, 
Plate  XXYII.  The  adulterants,  which  are  said  by  Hassall  to  be  more 
numerous  and  frequent  than  with  ordinary  pepper,  are  given  by  author- 
ities as  mineral  coloring  matter  added  to  hide  the  loss  of  color  which 
takes  place  on  exposure  of  cayenne  to  light,  to  add  to  the  weight,  or  to 
cover  the  addition  of  colorless  diluents,  ground  rice,  turmeric,  husks  of 
mustard,  etc. 

Mineral  adulterants  were  met  with  in  but  one  sample  of  a  low  grade, 
obtained  in  the  Baltimore  market.  The  organic  ones,  on  the  contrary, 
were  almost  always  present,  among  them  yellow  corn  meal  being  found, 
but  rice  or  corn  flour  oftener.  The  latter  was  readily  detected  with 
the  polariscope,  as  illustrated  in  Fig.  49,  Plate  XXIY.  The  few  starch 
grains  in  the  lower  layers  of  the  pericarp  and  in  the  seed  are  very  small 
and  cannot  be  confused  with  the  added  rice  or  corn.  Turmeric  and 
mustard  are  recognized  by  their  peculiar  structure. 

Of  the  chemistry  of  Capsicum  but  little  had  been  written  until  1884, 
when  Strohmer  undertook  an  investigation  of  the  proximate  composi- 
tion of  the  pod.  Bracconot  had  announced  the  discovery  of  the  active 
principle,  and  named  it  capsicine.  Wilting  had  asserted  that  it  was  a 
crystalline  alkaloid.  Thresh  had  discovered  ii  crystalline  body  capsi- 
cine, which  he  regarded  as  the  substance  to  which  the  pungency  was 
due,  but  Strohmer  showed  that  there  was  present  in  the  cayenne — 

(1)  A  fixed  oil,  without  sharp  smell  or  taste,  that  required  201.9  of 
KOH  for  saponification  and  occurred  almost  entirely  in  the  seed. 

(2)  A  camphor-like  substance  which  tastes  and  smells  sharp,  and 
which  constitutes  the  peculiar  principle  of  the  cayenne  (capsicine).  It 
is  contained  in  the  pods  and  seeds,  although  in  greater  amount  in  the 
former  than  in  the  latter,  where  it  is  dissolved  in  a  fixed  oil. 

(3)  A  resinous  body,  the  red  coloring  matter,   (capsicum  red)  which  ^ 
is  only  contained  in  the  pod.  ^fl 

Quantitative  determinations  were  made  of  the  fruit  of  Capsicum  an-^, 
nuum^  grown  in  Hungary. 


Seed. 

Pod. 

Whole 
fruit. 

Water  at  100° 

8.12 
18.31 
28.54 
24.33 
17.50 

3.20 

14.75 
10.69 

5.48 
38.73 
23.73 

6.62 

11.94 

13.88 
15.26 
32.63 
21.09 
5.20 

A-lbuminoids .... ....        ........ ... ....... 

Nitrc'en  free  extract  l)y  difference     ....          .                  ... 

Ash                      ...          

Total         ....              

100.00  1  100.00 
2.93         1  71 

100.  00 
2.22 
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The  percentage  of  "water  given  is  probably  too  high,  owing  to  the 
volatilization  of  the  camphor-like  substance. 

The  ether  extract  of  the  seed  was  nearly  pure  fat,  that  of  the  pod 
capsicum  red. 

As  to  whether  a  pepper  is  adulterated  or  not,  Strohmer  considers  that 
these  determinations  will  furnish  the  evidence.  He  found  in  commer- 
cial Cayennes : 


(I)  Rosen- 
paprika, 
prima. 

(11)  Rosen- 
paprika, 
sekunda. 

(HI)  K6- 
paprik'a. 

Water 

17.35 

14.56 

14.43 

5.10 

14.89 

14.31 

15.06 

5.66 

12.69 
13.19 
13.85 

7.14 

Ether  extract       ...       ... 

Ash 

The  latter  specimen  was  adulterated  with  stems,  &c.,  and  the  results 
show  the  agreement  between  the  degeneration  in  quality  and  the  analyt- 
ical determinations. 

In  our  investigations  several  specimens  have  been  examined  with  the 
following  results : 

4517.  English  brand. 
4545.  Kew  York  brand. 
4554.  Bulk,  corner  grocery. 
4554.^  Public  lunch-room. 

4880.  Baltimore  spice  mills. 

4881.  Baltimore  spice  mills. 

4897.  Zanzibar ;  pure,  whole,  from  importers. 

Microscopic  examination. 

4517.  Pure,  Crosse  and  Blackwells.    Bottled. 
4545.  Adulterated  rice  flour. 
4554.  Adulterated  rice  flour. 
4554.^  Adulterated  rice  flour. 

4880.  Adulterated )       „  .  ,      ,     , 

4881.  Adulterated  \  ^^^^^^  ^^^^'  turmeric,  and  redocher. 

The  analytical  results  were : 


Serial  No. 

4 
< 

1 

IS 

1 

< 

11 

1 

1 

Quality. 

4897 

4517 

4545 

4554 

4880 

4881 

2.35 
5.74 
3.70 
5.20 
1.41 
1.93 

9.06 
5.24 
6.10 
6.65 
4.68 
8.69 

0.12 
1.58 
3.40 
1.65 
4.00 
3.48 

26.99 
17.90 
14.50 
14.11 
9.41 
6.66 

16.88 
18.10 
15.40 
10.53 
14.70 
13.33 

13.13 

11.20 

10.15 

9.98 

7.70 

7.00 

41.  47 
40.24 
46.75 
51.88 
58.10 
58.91 

100.  00 
100.  00 
100.  00 
100.00 
100.  00 
100.  00 

2.10 
1.79 
1.62 
1.60 
1.23 
1.12 

Pure. 

Do. 
Adulterated. 

Do. 

Do. 

Do. 

212  FOODS  AND  FOOD  ADULTERANTS. 

From  the  data  it  is  not  difficult  to  detect  the  presence  of  adulterants. 
The  whole  Zanzibar  pepper  ground  in  the  laboratory  has  26.99  per  cent, 
of  non-volatile  ether  extract,  much  more  than  was  found  byStrohmer,  and 
the  other  pure  specimen  17.90  per  cent.  Kone  of  the  others  reach  these 
figures.  In  albuminoids  the  addition  of  starchy  and  mineral  diluents 
also  makes  a  marked  difference,  their  presence  being  revealed  in  a 
striking  way. 

The  unexplained  presence  of  so  much  volaltile  matter  on  the  two 
worst  specimens  and  of  so  much  ash  in  the  Zanzibar  of  good  grade  as 
compared  with  these  same  specimens  containing  mineral  adulterants,  is 
remarkable  and  shows  that  too  hasty  conclusions  must  not  be  drawn 
from  the  chemical  data.  It  should  be  noticed  also  that  the  water  in 
our  specimens  falls  far  below  that  given  by  Strohmer,  a  peculiarity 
which  has  been  noted  in  other  cases.  In  the  detection  of  adulteration 
of  Cayenne  by  chemical  methods,  determinations  of  water  and  ash, 
ether  extract  and  albuminoids  are,  it  seems,  of  value  and  as  a  rule  will 
serve  to  reveal  the  means  of  adulteration.  When  combined  with  a  mi- 
croscopic examination  the  estimation  of  the  amount  of  the  diluents 
present  would  not  be  difficult. 

GINaER. 

The  rhizome,  or  commonly  root,  of  Zingiber  officinale  is  known  as 
ginger.  It  is  a  ''  reed-like  plant,  with  annual  leafy  stems  3  to  4  feet 
high,  and  flowers  in  cone-shaped  spikes  borne  on  other  stems  thrown  up 
from  the  rhizome.  It  is  a  native  of  Asia,  in  the  warmer  countries  of 
which  it  is  universally  cultivated,  but  is  not  known  in  the  wild  state. 
It  has  been  introduced  into  most  tropical  countries,  including  the  West 
Indies." 

Ginger  occurs  in  two  forms — dried  with  the  epidermis  as  coated  gin- 
ger and  as  scraped  ginger  when  the  epidermis  is  removed.  The  un- 
coated  ginger  is  prepared  by  scraping  and  washing  the  rhizome  and 
then  drying  it  in  the  sun.    Thus  prepared,  Fliickiger  and  Hanbury  say : 

It  has  a  pale  buff  hue  and  breaks  easily,  exhibiting  a  short  and  farinaceous  fracture 
■with  numerous  bristle-like  fibers.  When  cut  with  a  knife  the  younger  and  terminal 
portion  of  the  rhizome  appears  pale  yellow,  soft,  and  amylaceous,  while  the  older 
part  is  flirty,  hard,  and  resinous. 

Coated  ginger  or  that  which  has  been  dried  without  the  removal  of  the  epidermis  is 
covered  with  a  wrinkled,  striated  brown  integument,  which  imparts  to  it  a  somewhat 
coarse  and  crude  appearance,  which  is  usually  remarkably  less  developed  on  the  flat 
parts  of  the  rhizome.  Internally  it  is  usually  of  a  less  bright  and  delicate  hue  than 
ginger  from  which  the  cortical  part  has  been  removed.  Much  of  it,  indeed,  is  dark, 
horny,  and  resinous. 

In  our  markets  we  find  Jamaica  ginger,  which  is  the  finest  variety, 
being  very  carefully  prepared  and  scraped,  and  several  qualities  of 
brown  ginger  which  is  unscraped  and  not  carefully  prepared,  and  is 
imported  frorn  India  and  the  East.    The  latter  is  sometimes  bleached 


SPICES   AND    CONDIMENTS.  213 

and  coated  with  gypsum  or  carbonate  of  lime  to  improve  its  appearance. 
This  metbod  of  treatment  appears  to  be  very  common. 

Of  the  microscopic  appearance  of  the  rhizome  Fliickiger  and  Han- 
bury  write  as  follows : 

A  transverse  section  of  coated  ginger  exhibits  a  brown,  horny  external  layer,  about 
one  millimetre  broad,  separated  by  a  fine  line  from  the  whitish  mealy  interior  por- 
tion, through  the  tissue  of  which  numerous  vascular  bundles  and  resin  cells  are 
irregularly  scattered.  The  external  tissue  consists  of  a  loose  outer  layer,  and  an  inner 
composed  of  tabular  cells;  these  are  followed  by  peculiar  short  prosenchymatoas 
cells  the  walls  of  which  are  sinuous  on  transverse  section  and  partially  thickened, 
imparting  a  horny  appearance.  This  delicate  felted  tissue  forms  the  striated  surface 
of  scraped  ginger  and  is  the  principal  seat  of  the  resin  and  volatile  oil,  which  here 
fill  large  spaces.  The  large-celled  paren  chyme  which  succeeds  is  loaded  with  starch 
and  likewise  contains  numerous  masses  of  resin  and  drops  of  oil.  The  starch  gran- 
ules are  irregularly  spherical,  attaining  at  the  utmost  40'"°^.  Certain  varieties  of 
ginger,  owing  to  the  starch  having  been  rendered  gelatinous  by  scalding,  are  through- 
out horny  and  translucent.  The  circle  of  vascular  bundles  which  separates  the  outer 
layers  and  the  central  portion  is  narrow  and  has  the  structure  of  the  corresponding 
circle  or  nucleus  sheath  on  turmeric. 

In  the  best  ground  ginger  of  the  trade  little  is  seen  of  this  structure. 
The  appearance  is  one  of  predominating  starch  grains  which  are  so 
abundant  in  the  parenchyma,  and  which  are  figured  in  Plate  XXI,  Fig. 
41,  and  Plate  XXYII,  Fig.  58.  They  are  so  characteristic  in  shape  and 
in  their  appearance  with  polarized  light,  that  they  are  readily  dis- 
tinguished from  adulterations. 

Among  them  are  seen  scattered  the  fibro- vascular  bundles,  the  tur- 
meric-like resin  bodies,  and  less  prominently  the  oil  globules,  which  are 
few  in  number. 

When  the  source  of  the  powder  is  the  ordinary  unscraped  ginger, 
the  outer  horny  layer  is  prominent,  but  not  distinct  in  its  character, 
and  at  times  when  the  rhizome  has  been  scalded  the  starch  grains  are 
swollen  and  the  whole  structure  is  more  difficult  to  make  out.  It  is 
not,  however,  as  a  rule,  difficult  to  detect  foreign  matter  in  the  powder 
of  this  spice. 

ADULTERANTS. 

The  principal  adulterants  are  said  to  be  mineral  matter,  sago,  tapioca, 
flour  of  rice,  wheat,  and  x)otato,  cayenne,  mustard  hulls,  turmeric,  and 
exhausted  ginger.  The  foreign  starches,  cayenne,  and  mustard  hulls,  are 
easily  detected,  but  the  turmeric  cells,  from  their  resemblance  to  the 
resin  globules  of  the  ginger,  are  more  confusing.  The  too  frequent 
occurrence  of  such  cells  is  suspicious.  For  the  detection  of  exhausted 
ginger  recourse  must  be  had  to  proximate  analysis.  The  recommenda- 
tion also  of  Hassall,  to  wash  away  some  of  the  starch,  or  the  use  of  a 
sieve,  will  be  found  of  advantage,  the  remaining  coarse  particles  being 
then  seen  in  greater  numbers  and  with  more  ease.  We  have  found  in 
the  gingers  of  the  trade  rice  flour,  turmeric,  and  hulls  of  foreign  seeds. 
But  two  of  the  specimens  were  derived  from  coated  root. 
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CHEMICAL  COMPOSITION. 

Owing  to  the  practice  of  diluting  the  ground  spice  with  the  residues 
from  extraction  for  turmeric,  &c.,  the  normal  proximate  composition  is 
of  importance. 

W.  0.  Young*  has  examined  seven  well-authenticated  specimens  with 
results  which  have  been  reprinted  here. 


Sources. 


I      4S 


so 


ft  a 

CO  o  9 


X  a  . 

©  t  a 

■s2| 


Africanl i  15.8 

Africaii2 14.5 

Jamaica 15.0 

Cochin 15.  2 

Japan 15.2 

Malabnr :  10.2 

Bengal [  20.50 


3.4 

4.3 
5.4 
5.8 

ao 

3.4 

4.75 


1.34 

1.  58 
1.22 
3.28 
5.82 
1.6 


2.06 

2.72 

4.18 

2.52 

2.18 

1.8 

2.39 


24.8 
52.2 
55.7 
35.1 
34.3 
30.1 
51.4 


18.0 


32.3 
21.8 
19.4 
22.4 
41.1 


2.2 


.25 

4.5 
2.8 
1.7 

.84 


3.1 
9.0 
4.6 
1.7 
4.9 


These  specimens  were  all  scraped  with  the  exception  of  the  last  two. 

The  analyses  do  not  seem  to  have  been  carried  out  on  accepted  prin- 
ciples, and  are  not  of  great  value  except  for  ash  and  perhai)s  fiber,  but 
in  complete  want  of  any  data  they  have  been  copied.  The  fact  that  the 
decorticated  specimens  contain  no  more  fiber  than  the  others  is  peculiar. 
The  methods  of  determining  "resin"  and  ''mucilage  "  and  the  mean- 
ing of  the  terms  also  are  not  given.  Little  is  therefore  learned  from 
them. 

Tresht  has  investigated  the  ether  extract  of  the  rhizome,  but  his 
results  furnish  us  with  no  data  of  analytical  use.  Lately  E.  TT.  T. 
Joues|  has,  under  the  title  '^  The  Amount  of  Starch  in  Ground  Ginger,'' 
obtained  some  data  which  are  of  value,  but  unfortunately  are  con- 
fined to  only  one  specimen  of  ginger.  He  determined  water  and  ash 
as  usual,  extracted  with  ether,  after  moistening  with  alcohol  (Sp.  gr 
0.90),  at  350-38°,  and  with  water  at  the  same  temperature.  The  residue, 
after  gelatinizing  the  starch,  was  submitted  to  diastatic  action.  In  the 
filtrate  from  the  unacted-upou  substance,  which  was  weighed  as  fiber, 
the  dextrine  and  maltose  were  determined  by  the  polariscope.  Fiber 
was  also  determined  by  the  usual  method  of  treatment  with  acid  and 
alkali.     The  results  were  : 

*  Analyst,  9,  214-215,  1884. 

t  Pharm.  J.,  Trans.,  3T,  610,  721, 1882. 

JAnalyst,  11,  75-77,  1886.  i 
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Per 

cent. 

Moisture,  loss  at  lOOoC 

10.10 
3.58 
3.38 
3.66 
52.92 
19.12 
2.66 
4.80 
1.50 

Alcohol  extract 

Water  extract 

Starch,  calc,  from  dextrine  and  maltose 

Fiber,  residue  from  diastatic  action.  .  . 

Ash 

Matter  not  accounted  for  in  the  starch  products. 

99.06 

Practically  we  have  learned  from  all  that  has  been  hitherto  done  in 
the  proximate  examination  of  ginger  that  the  ash  may  vary  from  3.4  to 
8.0  per  cent,  in  genuine  samples,  and  fiber  from  1.7  to  9.0  per  cent. 
Young  and  Jones  differ  altogether  too  much  on  other  i)oints  to  be  of  any 
value.  We  are  therefore  in  need  of  further  information  to  enable  us  to 
detect  the  addition  of  spent  ginger  as  an  adulterant,  the  differences  in 
determinations  of  fiber  being  so  wide  as  to  render  this  determination  of 
no  value,  since  it  is  possible  to  even  reduce  the  amount  of  fiber  by  such 
an  addition  and  judicious  selection. 

With  a  view  to  extending  our  knowledge  of  the  subject  we  have  ex- 
amined a  number  of  pure  gingers,  obtained  from  the  importers  and 
several  samples  of  ginger  found  in  the  local  markets,  some  of  which,  as 
was  learned  from  the  microscopic  examination,  were  adulterated  with 
farinaceous  matter  and  foreign  hulls.    The  results  were  : 

Analyses  of  gingers. 
Sources  of  samples : 

4506.  Scraped  Jamaica,  limed,  whole. 

4889.  Whole  Calcutta  ginger  root,  unscraped  and  unbleached. 

4890.  Whole  Cochin  ginger  root,  unscraped  and  unbleached. 

4891.  Whole  Jamaica  ginger  root,  unscraped  and  unbleached. 

4892.  Whole  Jamaica  ginger  root,  London  market,  bleached. 

4893.  Whole  Jamaica  ginger  root,  American  market,  bleached. 

4507.  White  ground  Jamaica,  "pure." 
4521.  Brown,  ground  in  Washington. 
4526.  Brown,  ground  in  Baltimore. 
4541.  Genuine  Borneo,  English  brand. 
4549.  Brown. 

4242.  Mohawk,  N.  Y.  ' 

4875.  Ground  ginger,  Baltimore  Spice  Mills,  "  pure." 

4876.  Ground  ginger,  Baltimore  Spice  Mills,  "  best." 
Microscopical  examination: 

4506  and  4889-4893.  Pure  standards. 

4507.  Not  as  much  fiber  matter  as  in  the  preceding,  but  no  adulterants  detected. 

4521.  Good  brown  ginger. 

4526.  Starch,  turmeric,  and  foreign  husks. 

4541.  Good  and  white. 

4549.  Starch,  and  perhaps  turmeric  ;  brown. 

4242.  Starch  and  some  questionable  substance. 

4875  and  4876.  Cereals  and  cayenne;  perhaps  exhausted  ginger. 
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Analyses  of  gingers. 
["Whole  ginger  root 


..1 

Source. 

Is 

4 

< 

'S 

1 

-J 

i 

1 

o 

03 

o 
.5 
S 

S 
£ 
"S 

P 

1 

4889 

Calcutta 

9.60 
9.41 
10.49 
11.00 

10.11 
9.10 

7.02 
3.39 
3.44 
4.54 

5.58 
4.36 

2.27 
1.84 
2.03 
J. 89 

2.54 
.96 

4.58 
4.07 
2.29 
3.04 

2.69 
3.09 

49.34 
53.  33 

50.58 
49.  34 

50.67 
46.16 

7.45 
2.05 
4.74 
1.70 

7.65 
3.15 

6.30 
7.00 
10.85 
9.28 

0.10 
5.25 

13.44 
18.91 
15.58 
19.21 

11.66 
27.93 

• 

100 
100 
100 
100 

100 
100 

1.01 
1.12 
1.74 
1.48 

1.46 
.84 

4890 

Cocliin            .            .  . . .  - 

4891 
4892 
4893 

Unbleached  Jamaica 

Bleached  Jamaica,London 
Bleached  Jamaica,  Ameri- 

4506 

Bleached  Jamaica 

[Commercial  ground.] 


6 

1 

Source. 

1, 

i 

'o 

1 
I 

t 

,£3 

1 

o 

a 

"S 

.1 
o 
H 

i 

t5 

4507 

Bleached 

1  Pure 

8.06 

3.47 

1.78 

3.11 

48.92 

2.65 

6.13 

25.88 

100 

.98 

4521 

Unbleached  . 

11.  20 

6.02 

1.61 

4.12 

50.00 

4.08 

6.28 

16.69 

100 

1.04 

4526 

...do 

Adulterated . 

10.35 

5.83 

1.52 

4.66 

46.49 

3.48 

8.75 

18.92 

100 

1.40 

4541 

....do 

8.90 

3.45 

.95 

3.65 

49.12 

3.45 

6.30 

24.18 

100 

l.Ol 

4549 

....do 

Adulterated 

9.45 

4.73 

1.45 

4.30 

50.58 

4.20 

8.93 

16.34 

100 

1.43 

4875 

Brown 

...do  

11.  82 

7.34 

2.61 

3.21 

46.49 

4.98 

7.  35 

18.20 

100 

1.18 

4876 

....do 

.--.do 

11.33 

7.94 

2.11 

3.51 

49.12 

3.20 

7.33 

15.44 

100 

1.18 

From  these  results  it  appears  that  the  ash  is  quite  variable,  a  pure 
sample  having  as  much  as  7.02  per  cent,  and  as  little  as  3.44  per  cent., 
the  whiter  varieties  having  the  least  and  the  brown  the  most.  From 
the  ether  extract  little  can  be  learned.  There  is  no  distinction  even 
between  the  pure  and  adulterated,  the  adulterations  having  a  very 
similar  amount  of  extract.  Of  the  pure  samples  the  white  has  the  least, 
as  well  as  the  least  ash.  Of  fiber  the  least,  as  would  naturally  be  ex- 
pected, is  found  in  the  whitest  and  best  scraped  and  prepared  varieties. 
Of  albuminoids  it  may  be  said  that  there  is  no  greater  variation  in  the 
pure  samples  than  in  those  which  proved  to  be  adulterated.  When 
foreign  hulls  are  present  the  amount  may  be  much  larger.  The  deter- 
minations of  starch  do  not  show  that  the  samples  have  been  diluted  with 
cereals  or  any  farinaceous  matter,  neither  could  any  be  detected  under 
the  microscope. 

The  chemical  examination  proves  consequently  most  unsatisfactory, 
and  it  is  only  possible  to  give  the  following  hints  for  pure  ginger  : 


Per  cent. 

Water 

Ash 

11.  00  to  9. 10 
7.  02  to  3.  39 
2.  54  to  .  96 
4.  58  to    2.  29 

53.  33  to  46. 16 
7.  65  to    1.  70 

10.  85  to    5.  25 

Volatile  oil 

Fixed  oil 

Starch 

Crude  fiber 

Albuminoids 
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In  our  markets  ginger  is  drier  than  abroad,  as  is  usually  the  fact  with 
all  such  substances  in  our  climate.  The  percentage  of  ash  among 
Toung^s  samples  reached  8.0,  but  did  not  go  below  our  lowest  determi- 
nation, and  our  variations  in  fiber  include  his  figures  and  those  of  Tresh. 

In  other  respects  our  determinations  agree  with  those  of  the  two  in- 
vestigators mentioned,  and  from  their  increased  number  serve  as  a  fair 
basis  for  comparison. 

A  careful  qualitative  examination  of  the  character  of  the  extracts  at 
times  may  reveal  the  presence  of  an  adulterant,  but  the  chief  depend- 
ence must,  it  seems,  in  the  examination  of  this  spice,  be  placed  upon 
the  microscope.  This,  however,  will  not  reveal  the  presence  of  ex- 
hausted ginger,  and  a  careful  study  of  the  effect  of  exhaustion  on  the 
proximate  composition  of  the  ground  root  is  therefore  desirable.  It 
would  naturally  increase  the  relative  of  percentages  of  fiber  and  albu- 
minoids and  starch  and  diminish  that  of  extractive  matter. 

CINNAMON  AND   CASSIA 

Cinnamon  and  cassia  are  the  barks  of  several  species  of  the  genus 
Cinnamomum,  the  true  cinnamon  (C  zeylanicum)  being  a  native  of  Cey- 
lon, where  it  is  also  largely  cultivated,  while  the  cassias  are  derived 
from  several  species  growing  in  Bengal  and  in  the  countries  east  of  In- 
dia, especially  China  and  in  the  Indian  Archipelago.  In  our  markets 
the  Chinese  and  Malabar  cassias  occupy  the  most  prominent  place, 
Batavia  and  various  other  localities  supplying  a  poorer  quality.  Cey- 
lon cinnamon  is  only  found  in  small  amount  and  usually  is  in  use  as  a 
drug.  In  our  experience  it  is  not  to  be  procured  in  a  ground  condition. 
In  their  original  form  there  is  no  difficulty  in  identifying  the  various 
barks  by  their  peculiar  characteristics.  Ceylon  cinnamon,  during  its 
preparation,  is  deprived  of  its  outer  corky  coat  and  of  the  inner  cortical 
layers.  It  is  therefore  thin,  not  more  than  one-eighth  to  one-sixteenth 
inch  thick,  and  is  distinguished  by  having  the  quills,  which  curl  in  ward 
on  each  side,  arranged  one  within  the  other,  forming  a  flattened  cylin- 
der, originally  a  yard  long.  Its  color  is  a  dull  brown,  and  the  removal 
of  the  outer  coats  is  discovered  by  the  appearance  on  the  exterior  of  the 
peculiar  wavy  structure  of  the  inner  layers  of  the  bark. 

Cassia,  on  the  other  hand,  commonly  shows  the  outer  corky  coat  of  the 
bark,  and  is,  in  consequence,  much  thicker,  rougher,  and  of  not  so  red 
color.  In  some  cases,  however,  the  bark  is  scraped,  but  the  character  of 
the  surfaces  are  still  distinctly  marked,  and  it  is  thicker  and  deeper  in 
color  than  cinnamon. 

Microscopically,  true  cinnamon  consists  of  thin  layers,  which  in  the 
ground  drug  are  represented  most  prominently  by  the  long  cells  of  woody 
fiber  or  liber  fibers  which  are  scattered  through  the  bark,  and  which  are 
distinctly  seen  under  polarized  light,  the  stellate  cells  of  the  outer 
layers  and  the  thinner  cells  of  the  interior  carrying  the  few  starch 
grains.    In  cassia,  which  of  course  bears  a  close  general  resemblance 
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to  cinnamon,  the  woody  fiber  is  comparatively  small  in  amount,  as  is  the 
number  of  the  stellate  cells.  The  presence  of  starch  is,  on  the  other  hand, 
more  marked.  A  view,  therefore,  of  a  true  ground  cinnamon  and  cas- 
sia with  polarized  light  reveals  at  once  differences  which  are  character- 
istic enough  to  distinguish  the  specimens,  and  which  are  illustrated  in 
figures  46  and  47,  plate  XXIY.  In  the  ground  specimens  which  we  have 
had  in  hand,  however,  no  specimens  of  true  cinnamon  have  been  found. 
Eeference  was  made,  therefore,  to  ground  samples  prepared  from  au. 
thentic  specimens  of  Ceylon  and  Chinese  barks,  and  before  any  micro- 
scopic work  is  attempted  it  is  necessary  to  make  a  comparative  exam- 
ination of  this  description  to  acquire  a  knowledge  of  the  appearances 
to  be  expected  and  which  cannot  be  described  in  detail.  Eeference  may 
also  be  usefully  made  to  Fliickiger  and  Hanbury,  Pharmacographia,  for 
many  details  in  regard  to  the  growth,  cultivation,  preparation,  &c. 

Of  the  addition  of  cedar  sawdust,  roasted  hulls,  oil  meals,  and  min- 
eral and  coloring  matter  we  have  had  but  little  opportunity  to  judge. 
Adulteration  in  these  markets  is  mainly  confined  to  replacing  cinnamon 
by  cassia,  and  the  adulterants  mentioned  are  found  only  in  the  lowest 
grades,  while  their  entire  difference  in  structure  make  their  detection 
microscopically  a  matter  of  no  difficulty. 

Schimper  in  his  A7ileitung  zur  miJiroskopischen  Untersuchung  der  N'ah- 
rungs-  und  Gemissmittel,  describes  in  detail  the  appearance  of  these  for- 
eign substances  which  in  Germany  seem  to  be  often  used  and  which 
Wood  in  Massachusetts  has  detected  in  the  forms  of  ground  crackers 
and  nut  shells,  and  in  Canada  are  represented  by  ground  peas  and 
wheat,  flour,  and,  as  we  have  found  in  Baltimore,  by  minerals  and  color- 
ing matter.  As  will  be  shown,  the  determination  of  fiber  and  ash  are 
valuable  means  of  discovering  the  presence  of  such  additions. 

CHEMICAL   COMPOSITION  AND  REACTION. 

Of  the  proximate  composition  of  any  of  the  barks  but  little  is  known. 
I^umerous  determinations  and  analyses  of  the  ash  have  been  made  with 
a  view  to  detecting  peculiarities  or  the  addition  of  mineral  matter. 

Hilger*  has  recently  found  in  five  samples  of  Ceylon  cinnamon  the 
following  amounts  of  ash  : 

Soluble — per  ct. 
(1)— 4.5  53.0 

(2)— 4.8  72.3 

(3)— 3.9  88.1 

(4)— 4.3  61.7 

(,5)-3.4 

Hehnert  in  1879  made  an  extended  investigation  into  the  substitution 
of  cassia  for  cinnamon,  and  examined  the  iodine  test,  finding  it  useless, 
as  has  been  the  case  when  employed  in  our  laboratory.  He  then  inves- 
tigated the  mineral  constituents,  thinking  that  the  more  woody  cassia 

*Arcli.  d.  Pharm.,  223,  826. 
t  Analyst,  4,  223-228. 
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bark  would  contain  more  lime  and  magnesia  than  the  more  delicate  cin- 
namon.    Some  of  his  figures  are  as  follows : 


Kind. 

I 

f 

1 

•9 

< 

.9 
® 
a 
3 

5 

■i 

3 

s.  d. 
1  10 
3    0 
3    6 
3    6 
8    6 
*9 

12.67 
12.05 
11.38 
11.64 
12.94 
11.25 

S  14.  22 
)  11.  88 
11.05 
(  10.  37 
\  11.  36 

4.78 
4.59 
4.66 
3.44 
4.28 
4.44 

1.84 
2.54 
2.55 
4.08 
4.85 

40.09 
36.98 
40.39 
34.32 
36.99 
42.11 

25.29 
34.49 
28.63 
52.72 
43.40 

.86 
.97 
.13 
.62 
.59 
.34 

5.11 
4.94 
3.55 
1.13 
1.53 

25.04 
28.98 
25.22 
26.36 
27.67 
18.34 

40.58 
26.78 
30.91 
8.36 
15.89 

74.96 

71.02 
74.78 
73.64 
72.  S3 
81.66 

Cassia  lignea: 

Whole         .- 

59.42 

Ground.  ....... ...................... 

73.22 
69.09 

91.64 

84.11 

* 

Contain 

ing  -wool 

i. 

From  these  analyses  Hehner  concludes  that  the  ash  in  cinnamon 
varies  between  comparatively  narrow  limits.  Cassia  vera,  or  Malabar 
cassia,  contains  as  much  as  cinnamon,  Cassia  lignealess  j  that  one  quarter 
of  the  ash  is  soluble  in  water  in  cinnamon,  less  in  C.  vera,  and  still  less 
in  C.  lignea;  that  cinnamon  ash  contains  less  than  1  per  cent,  of  oxide  of 
manganese,  C.  vera  more  than  1  per  cent.,  and  C.  lignea  far  more,  even 
up  to  5  per  cent.  This  is  the  most  noteworthy  feature  and  is  shown 
in  the  color  of  the  ash,  cinnamon  ash  being  white,  while  those  of  cassias 
are  gray  or  brown.  Cassia  vera,  the  Malabar  cassia,  is  not  so  readily 
distinguished  from  cinnamon  as  C.  lignea,  but  its  occurrence  is  less  fre- 
quent. The  percentages  of  lime  and  magnesia  were  not  distinctive, 
as  had  been  expected.  For  cinnamon,  40.09,  36.98,  and  40.39  were  the 
amounts  of  lime  in  three  specimens.  In  one  of  Cassia  lignea  25.29  per 
cent,  was  found.  In  one  of  0.  vera,  52.72.  The  less  fibrous  C.  lignea 
contained  the  least  lime.  Of  magnesia  there  was  2.65,  3.30,  and  3.86 
in  the  cinnamon  and  5.48  and  1.10  in  the  Cassia  lignea  and  vera  respect- 
ively. Little  seems  to  have  been  learned,  therefore,  which  would  form  a 
sound  basis  for  distinguishing  these  barks.  The  presence  of  manga- 
nese is  more  or  less  accidental  and  cannot  be  considered  as  an  essen- 
tial element  of  the  ash  or  one  from  which  such  definite  conclusions  could 
be  drawn  as  to  serve  as  the  basis  of  legal  testimony.  Our  results,  in 
fact,  failed  to  show  any  large  amount  in  any  of  the  specimens. 

Of  the  proximate  organic  constituents,  the  presence  of  volatile  oil, 
tannin,  mucilage,  coloring  matter,  resin,  an  acid,  starch,  and  lignin  is 
noted  by  Hassall,  without  any  details  in  regard  to  their  proportions. 
The  essential  oil,  according  to  Pharmacographia,  however,  amounts  to 
only  one-half  to  1  per  cent,  of  the  bark  of  cinnamon  and  must  be  less 
in  the  inferior  cassias.  Beyond  this  no  data  are  found.  We  have  ex- 
amined a  number  of  specimens  of  the  ground  bark  bearing  different 
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designations  and  three  or  four  samples  of  bark  obtained  uugronnd 
and  several  authenticated  specimens  direct  from  the  importers.  The 
sources  and  descriptions  of  the  material  examined  were : 

Denominated  Cinxamon. 

4502.  Bark  from  grocers,  D.  C.     Poor  quality. 

4503.  Ground,  from  same  grocers.     Both  guaranteed,  pure. 
4519.  Ground  in  Washington,  30  cents  per  ^  pound, 

4529.  Ground  in  Baltimore,  20  cents  per  ^  pound. 

4531.  Ground  in  Baltimore,  30  cents  per  ^  pound. 

4539.  Genuine  Java  cinnamon  (cassia),  Euglish,  10  cents  per  J  pound. 

4547.  Cinnamon,  Java,  ground  in  Wasliiugton. 

4556.  Ceylon  cinnamon  bark.     Druggists. 

4558.  Ceylon  cinnamon  bark.     Druggists,  15  cents  per  ounce. 

4868.  Cinnamon,  pure,  Baltimore,  Md. 

4869.  Cinnamon,  best,   Baltimore,  Md. 

Denominated  Cassia. 

4557.  Cassia  bark.     Druggists. 

4559.  Cassia  bark,  10  cents  per  ounce.     Druggists. 
4640.  Cassia  bark,  10  cents  per  ounce.     Druggists. 

4906.  Saigon  cassia  chips,  collected  in  Baltimore  markets  by  Z.  D.  Gilman. 

4907.  Cassia  ligna  bark,  collected  in  Baltimore  markets  by  Z.  D.  Gilman. 

4908.  Batavia  bark,  collected  in  Baltimore  markets  by  Z.  D.  Gilman. 

4909.  Saigon  cassia  bark,  collected  in  Baltimore  markets  by  Z.  D.  Gilman. 

A  mechanical  and  microscopic  examination  showed  that  the  ground 
specimens  were  hardly  what  they  were  represented  to  be. 

4503,  guaranteed  pure  cinnamon,  proved  to  be  a  good  quality  of  ground 
cassia. 

4519  and  4529  consisted  of  substitution  of  cassia  for  cinnamon. 

4531  was  a  low  grade  cassia  mixed  with  considerable  foreign  material. 

4539  was  an  excellent  specimen  of  good  cassia. 

4547  was  a  poor  quality  cassia,  adulterated  with  foreign  material,  but 
so  finely  ground  as  to  make  its  identification  impossible. 

4868  and  4869,  although  lajbeled  cinnamon,  were  mixtures  of  the 
lowest  grade,  consisting  of  cassia,  turmeric  ochre  in  small  amount,  mus- 
tard hulls  or  those  of  a  similar  seed,  cracker  dust,  and  burnt  shells. 

The  remaining  specimens  were  purchased  ungrouud,  and,  with  the 
exception  of  the  one  English  brand  labeled  Java  cinnamon  (cassia),  no 
ground  cassia  could  be  purchased  under  such  a  designation. 

The  data  obtained  in  a  chemical  way  were  as  follows : 
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The  preceding  figures  show  that  there  is  nothing  particularly  distinct- 
ive between  the  cinQamous  and  cassias,  and  that  the  determination 
of  volatile  oil  points  more  to  the  character  and  value  of  the  bark  than 
any  other,  though,  at  the  same  time,  there  is  nothing  distinctive  there- 
in, as  the  variation  in  amouut  is  so  large  in  the  cinnamons  as  to  at  times 
furnish  samples  containing  far  less  volatile  oil  than  even  a  fair  cassia. 
The  percentage  of  ash  is  extremely  variable,  depending  on  the  age  and 
quality  of  the  bark.  Saigon  chips  were  fouad  to  have  8.23  per  cent., 
while  a  specimen  of  unidentified  cassia  bark  had  only  1.75  per  cent.  Cin- 
namon bark  will  probably  average  less  than  cassia.  Fiber,  like  ash,  is 
extremely  variable,  and  for  the  same  reasons ;  26.29  per  cent,  were  found 
in  Saigon  chips  and  33.08  per  cent,  in  a  cinnamon  and  from  14  to  20  in 
ordinary  cassias.  This  determination,  therefore,  reveals  nothing,  and  is 
of  no  assistance  in  detecting  adulterants. 

Albuminoids  are  variable,  but  within  narrow  limits,  the  extremes  being 
4.55  percent,  in  Saigon  bark  and  2.45  in  an  unidentified  cassia.  The  Ba- 
taviaand  Saigon  barks  appear  to  contain  the  most,  over  four  per  cent., 
and  this  percentage  would  seem  to  be  an  indication  of  inferior  quality. 

The  amount  of  tannin  in  these  barks  is  extremely  small,  not  reaching 
in  our  specimens  an  equivalent  of  quercitannic  acid  by  the  Lo  wen  thai 
process  of  two  per  cent.  The  addition,  therefore,  of  material  contain- 
ing tannin  can  be  readily  detected,  but  in  no  case  under  our  observation 
did  such  an  addition  occur. 

Aside  from  the  determiuation  of  volatile  oil,  chemical  analysis  seems 
to  be  of  little  value.  The  principal  dependence  must,  with  our  present 
knowledge,  be  placed  on  the  mechanical  and  microscopic  examination, 
since  the  worst  mixtures,  4868  and  4869,  scarcely  revealed  in  their  com- 
position the  fact  of  their  inferiority. 

CLOVES. 

Cloves  are  the  flower-buds  of  an  evergreen  tree,  Eugenia  caryophyllata, 
growing  wild  in  the  Malaccas  and  introduced  iato  Amboyna,  the  neigh- 
boring Zanzibar  islands,  Cayenne,  and  a  few  other  places  in  the  tropics. 
They  are  picked  by  hand  when  their  development  has  reached  a  red 
color,  and  are  dried  in  the  sun,  becoming  dark  brown.  They  are  classed 
as  East  Indian,  African,  and  American,  and  are  valued  in  that  order. 

Fliickiger  and  Hanbury's  description  of  them  is  as  follows ; 

Cloves  are  about  six-tenths  of  aa  inch  in  length,  and  consist  of  a  long  cylindrical 
calyx  dividing  above  into  four  pointed  spreading  sepals  which  surround  four  petals, 
closely  imbricated  as  a  globular  bud  about  two-tenths  of  an  inqh  in  diameter. 

The  petals,  which  are  of  a  lighter  color  than  the  rest  of  the  drug  and  somewhat  trans- 
lucent from  numerous  oil  cells,  spring  from  the  base  of  a  four-sided  epigynous  disc,  the 
angles  of  which  are  directed  toward  the  lobes  the  calyx.  The  stamens,  which  are 
very  numerous,  are  inserted  at  the  base  of  the  petals  and  are  arched  over  the  style. 
The  latter,  which  is  short  and  subulate,  r.ises  from  a  depression  in  the  center  of  the 
disc.     Immediately  below  it,  and  united  with  the  upper  portion  of  the  calyx,  is  the 
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ovary,  whicli  is  two-celled  and  contains  many  ovules.  The  lower  end  of  the  calyx 
(hypantium)  has  a  compressed  form;  it  is  solid, but  has  its  internal  tissue  far  more 
porous  than  the  walls.  The  whole  calyx  is  of  a  deep  rich  brown,  has  a  dull  wrinkled 
surface,  a  dense  fleshy  texture,  and  abounds  in  essential  oil,  which  exudes  on  simple 
pressure  with  the  nail. 

The  varieties  of  cloves  occurring  in  commerce  do  not  exhibit  any  structural  differ- 
ences. Inferior  kinds  are  distinguished  by  being  less  plump,  less  bright  in  tint,  and 
less  rich  in  essential  oil.  In  Loudon  price-currents  cloves  are  enumerated  in  the  order 
of  value  thus:  P&nang,  Bencoolen  (Sumatra),  Amboyna,  Zanzibar. 

A  transverse  section  of  the  lower  part  of  a  clove  shows  a  dark  rhomboid  zone,  the 
tissue  on  either  side  of  which  is  of  a  lighter  hue.  The  outer  layer  beneath  the  epi- 
dermis exhibits  a  large  number  of  oil  cells,  frequently  as  much  as  300  micromilli- 
meters  in  diameter.  About  !200  oil  cells  may  be  counted  in  one  transverse  section,  so 
that  the  large  amount  of  essential  oil  in  the  drug  is  well  shown  by  its  microscopic 
characters.  The  above-mentioned  zone  is  chiefly  made  up  of  about  30  fibro- vascular 
bundles,  another  stronger  bundle  traversing  the  center  of  the  clove.  The  fibro- vas- 
cular bundles,  as  well  as  the  tissue  bordering  the  oil  cells,  assume  a  greenish-black  hue 
by  alcoholic  perchloride  of  iron.  Oil  cells  are  also  largely  distributed  in  the  leaves, 
petals,  and  even  stamens  of  Fug enia.    No  starch  is  found  in  it,  however. 

Preparations  from  whole  cloves  enable  one  to  familiarize  himself  with 
the  structure,  which  in  the  ground  cloves  is  recognized  with  greater 
difficulty.  In  both  cases  the  use  of  chloral  hydrate  solution  is  desirable, 
a;S  the  sections  and  fragments  are  otherwise  not  transparent.  Pre- 
liminary examination  of  the  powder  in  water  for  starch  should,  how- 
ever, be  made,  as  the  starch  granules  swell  in  the  chloral  hydrate  solu- 
tion. 

Among  the  fragments  will  be  seen  a  large  amount  of  debris  of  no 
apparent  structure,  but  the  larger  pieces  are  chiefly  the  cells  of  the 
epidermis  interspersed  with  the  large  oil  cavities  or  cells,  which  are  not 
as  readily  detected  as  in  carefully  prepared  sections,  being  concealed- 
by  a  layer  of  the  epidermal  cells.  Next  in  prominence  are  the  fibro- 
vascular  bundles  with  their  spiral  vessels  and  with  shreds  of  deep 
brown  cellular  matter  attached.  Pollen  grains  and,  at  times,  whole 
anthers  are  present,  and  concretions  of  oxalate  of  lime.  All  these 
characteristic  appearances  are  made  out  much  more  easily  under  polar- 
ized light,  the  long  cells  of  the  fibro-vascular  bundles  being  optically 
active,  as  are  also  the  pollen  grains,  oxalate  of  lime  to  a  less  degree,  and 
the  contents  of  the  oil  cells  which  are  thus  easily  distinguished. 

After  a  study  of  standard  powder  of  cloves,  the  presence  of  adulter- 
ants is  not  difficult  to  recognize.  Pimento  is  often  added,  and  may  be 
identified  by  the  starch  which  it  contains  and  the  characters  described 
under  that  spice. 

Clove  stems  are  said  to  be  the  commonest  adulterant,  and  the  pres- 
ence in  them  of  thick- walled  stone  cells  and  long  yellow  fibrous  tissue 
serves  as  a  means  of  recognition,  since  similar  structures  are  not  found 
in  the  clove,  at  least  in  the  same  abundance.  The  fruit  of  the  clove  is 
also  added,  and  since  it  contains  starch  and  a  large  embryo  they  are  de- 
tected readily.     We  have  not  met  either  of  these  adulterants. ' 
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In  the  cheaper  forms  of  ground  cloves,  where  from  the  price  it  is  evident 
that  adulteration  has  been  practiced,  the  common  substitutes,  which  are 
added  as  diluents  to  all  the  sjjices,  must  be  sought  for  and  require  no 
further  experience  beyond  what  has  been  obtained  in  the  examination 
of  pepper. 

In  most  of  the  samples  which  were  examined  during  the  preparation 
of  this  report  the  microscope  revealed  nothing  foreign,  and  for  a  de- 
cision as  to  their  quality  it  was  necessary  to  have  recourse  to  chemical 
analysis.  Two  specimens  from  Baltimore  of  the  same  low  grade  as 
several  of  the  spices  previously  mentioned  were  found,  however,  to  be 
mixtures  of  all  sorts  of  cheap  material,  containing  mineral  coloring 
matter,  roasted  shells  or  charcoal,  corn,  and  hulls  of  seeds. 

The  sources  of  the  cloves  examined  were  as  follows,  being  largely  the 
ordinary  article  for  sale  at  grocers : 

SOURCES   OF   CLOVES. 

4504.  Whole  cloves,  guaranteed,  Washington. 

4903.  Amboyna  cloves,  whole,  direct  from  importers. 

4904.  Singapore  cloves,  whole,  direct  from  importers. 

4905.  Clove  stems,  whole,  direct  from  importers. 

4641.  Whole  cloves,  druggists',  10  cents  per  ounce. 

4642.  Whole  cloves,  druggists',  10  cents  per  ounce. 

4643.  Whole  cloves,  druggists',  10  cents  per  ounce. 

4505.  Ground  cloves,  guaranteed,  Washington. 
4520.  Ground  gloves,  ground  in  Washington. 

4540.  Ground  cloves,  genuine  Amboyna,  30  cents  per  ^  pound  ;  English  brand. 
4548.  Ground  cloves,  Washington  grocers,  second  class,  26  cents  per  ^  pound. 

4629.  Ground  cloves,  Washington  grocers,  second  class,  20  cents  per  i  pound. 

4630.  Ground  clo  v^es,  Washington  grocers,  30  cents  per  pound. 

4631.  Ground  cloves,  "  strictly  pure,"  40  cents  per  pound. 

4632.  Ground  cloves,  Washington  grocers,  second  class,  30  cents  per  pound. 

4633.  Ground  cloves,  Washington  grocers,  second  class,  30  cents  per  pound. 

4873.  Ground  cloves,  Baltimore  Spice  Mills  ;  ''pure." 

4874.  Ground  cloves,  Baltimore  Spice  Mills  ;  "  best." 

The  results  of  the  analyses  are  as  follows: 
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In  comparison  with  these  results  it  is  of  interest  to  refer  to  what  has 
been  already  published. 

Fluckiger  states  that  from  16  to  20  per  cent,  of  volatile  oil  is  present, 
and  gives  details  in  regard  to  its  composition  and  reactions  5  but  be- 
yond this  nothing. 

Dietsch  gives  the  following  figures  as  the  percentages  of  oil  to  be 
expected  in  cloves  from  different  sources : 

Per  cent. 

Amboyna „ 16  to  21 

Zanzibar 12  to  17 

Cayenne 9  to  12 

There  are  one  or  two  very  old  analyses  in  detail  which  are  hardly  re- 
liable, and  Dr.  Ellis,  of  Toronto,  has  made  investigations,  still  unpub- 
lished, in  regard  to  the  amount  of  tannin  present,  with  a  view  to  using 
the  determination  as  a  check  on  adulterants ;  but  with  these  exceptions 
we  are  not  aware  of  any  other  work  upon  the  composition  of  this  spice. 

The  authentic  whole  samples  show  that  the  percentage  of  water  may 
be  very  variable,  being  at  times  as  low  as  2.90  per  cent.,  and  again  as 
much  as  10.67,  which  is  high  for  so  oily  a  substance.  The  ash,  too,  has 
rather  wide  extremes,  varying  from  5  to  13  per  cent.  The  usual 
amount  would  not,  however,  be  far  from  5.50  to  6.50  per  cent.  Volatile 
oil  falls  in  no  case  below  the  amount  given  by  Dietsch,  and  serves  as, 
perhaps,  the  best  means  of  judging  of  the  quality  of  the  specimens. 
The  extremes  found  in  the  pure  specimens  were  10.23  and  18.89  per  cent., 
while  but  five  out  of  the  eleven  ground  specimens  reached  10  per  cent. 

Other  determinations  do  not  seem  especially  characteristic.  The  ex- 
tremes, which  cannot  be  exceeded  without  casting  suspicion,  are : 


Per  cent. 

Water      ... 

11.  00  to  2.  75 
13.  00  to  5.  00 
21.  00  to  9.  00 
11.  00  to  4.  00 
10.  00  to  6.  00 
8.  00  to  4.  00 

Ash 

Volatile  oil 

Fixed  oil  and  resin  ... 
Crude  fiber 

Albuminoids  ......   . 

The  determination  of  tannin,  following  the  suggestions  of  Dr.  Ellis, 
of  Toronto,  has  been  examined  with  results  showing  it  to  be  of  some 
value,  but  not  as  great  as  that  of  volatile  oil.  Our  experience  showed 
that  it  was  as  well  to  determine  the  matter  oxidizable  by  permanganate, 
after  removal  of  oil,  &c.,  by  Squib b's  ether,  as  to  make  a  more  elaborate 
determination  of  tannin  itself.  In  the  best  whole  cloves  from  the  im- 
porters the  quercitannic  acid  equivalent  of  the  oxidizable  matter  varied 
from  18.72  to  22.13  per  cent.,  and  in  the  stem  reached  23.24  per  cent. 
The  determination  will  not,  therefore,  show  the  presence  of  stems  in 
ground  cloves.  The  amount  fell  also  in  one  unidentified  specimen  of 
whole  cloves  to  11.70  per  cent.,  but  the  quality  of  these  buds  was  un- 
known.   It  is  fair  to  assume,  then,  that  good  cloves  should  contain  ex- 
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tractive  oxidizable  matter  equivalent  to  18  per  cent,  of  quercitannic 
acid,  or  require  an  oxygen  equivalent  of  about  4.50  per  cent,  for  its  re- 
duction. 

Of  th^  11  specimens  of  ground  cloves  examined,  although  none  of 
them  were  of  first  quality,  this  tannin  equivalent  exceeded  18  in  all  but 
3.  The  addition  of  stems  and  allspice  would  not  be  discovered,  as  both 
contain  tannin  in  considerable  amount.  This  determination  is,  then,  in 
no  way  conclusive,  but  merely  furnishes  an  indication  which  must  be 
corroborated  by  other  means.  For  the  method  of  carrying  it  out  refer- 
ence must  be  made  to  our  pages  on  analyses.  As  has  been  said,  none  of 
the  ground  specimens  of  cloves  were  first  class,  analyses  showing  that 
in  only  one  case  did  the  essential  oil  reach  as  high  as  13.93  per  cent., 
and  although  but  2  from  Baltimore  contained  cheap  foreign  adulterants 
and  none  were  sophisticated  with  allspice,  all  the  specimens  must  have 
been  made  from  a  low  grade  of  buds  and  many  with  the  addition  of 
large  quantities  of  stems  and  spent  cloves.  The  two  cheapest  specimens, 
4873  and  4874,  were,  as  has  been  said,  terrible  compounds  of  mineral 
coloring  matter,  leaving  a  dark  ferruginous  ash,  corn  meal,  and  hulls, 
evidence  of  which  appears  in  the  analyses  from  the  low  oil,  3.59  and  4.06 
per  cent.,  and  the  high  crude  fiber.  The  addition  of  so  much  organic 
matter  low  in  ash  conceals  the  presence  of  mineral  coloring  matter  which 
is  detected  by  its  ferruginous  appearance.  In  the  ash  of  the  whole  buds, 
while  there  are  at  times  some  of  a  light  reddish  tinge,  the  color  is  dis- 
tinctly or  often  dark  green  from  the  presence  of  manganese. 

Our  results  show  the  universal  and  alarmingly  poor  quality  of  the 
commercial  supply  of  ground  cloves. 

PIMENTO   on  ALLSPICE. 

Pimento  is  the  fruit  of  Pimenta  officinalis,  an  evergreen  tree  common 
in  the  West  Indies.  It  is  the  only  one  of  the  common  spices  which  had 
its  origin  in  the  New  World.  It  is  a  small,  dry,  globular  berry  from  two 
to  three  tenths  of  an  inch  in  diameter,  having  a  short  style  and  sur- 
rounded by  four  short  thick  sepals  which  often,  however,  have  become 
rubbed  off,  leaving  a  scar-lilie  ring.  The  berry  has  a  woody  shell,  or 
pericarp,  easily  cut,  and  of  dark,  ferruginous  brown,  rugose  by  means 
of  minute  tubercles  filled  with  essential  oil.  It  is  two-celled,  each  cell 
containing  a  single  seed.    The  seed  is  less  aromatic  than  the  pericarp. 

Under  the  microscope  the  outer  layer  of  the  pericarp,  just  beneath 
the  epidermis,  appears  as  a  collection  of  very  large  brown  parenchy- 
matous cells  filled  with  oil.  The  more  interior  layers  consist  of  thick 
walled  or  stone  cells  loaded  with  resin,  the  most  characteristic  struc- 
ture of  the  pimento,  parenchyma  cells,  and  smaller  crystals  of  calcic  ox- 
alate which  are  not  easily  seen.  The  whole  tissue  is  traversed,  but  not 
plentifully,  by  flbro-vascular  bundles.  The  seeds  contain  much  starch 
in  minute  grains  and  have  a  few  oil  cells.  The  embryo  is  large  and  spi- 
rally curved.    The  hulls  of  the  seeds  consist  of  a  delicate  epidermis 
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and  of  large  thin- walled  cells  with  light  or  dark  red  contents,  which  are 
very  characteristic  and  are  called  by  Hassall  the  port- wine  cells,  which 
should  be  examined  in  water,  and  after  treatment  with  chloral  hydrate, 
the  starch  grains  being  made  oat  in  the  water  preparation  and  the  re- 
maining structure  among  the  particles  rendered  transparent  by  the 
chloral  hydrate.  Most  prominent  among  the  latter  under  polarized  light, 
which  is  here  a  great  assistance,  are  the  stone  cells  or  thick  walled  cells 
partly  grouped  and  partly  separate,  and  often,  with  plain  light,  showing 
shreds  of  parenchyma  adherent  to  them.  The  brown  cells  which  con- 
tain the  oil  are  made  out  with  less  distinctness,  but  most  striking  are 
the  red  or  port- wine  cells  of  the  seed  hull,  which  are  seen  scattered  ev- 
erywhere, and  in  color  and  form  are  very  characteristic.  Shreds  of  the 
embryo  are  also  now  and  then  seen. 


Tig.  13.  Allspice  powder,    a,  starch ;  &,  port-wine  cells ;  h,  hairs;  «,  stone  cells ;  jp,  parenchyma.  X  240. 


Schimper's  diagramatic  illustrations  of  this  spice  are  here  copied  in 
Fig.  13,  and  serve  as  a  slight  aid  to  the  recognition  of  the  structures 
mentioned,  but  merely  as  suggestions,  as  nothing  exactly  correspond, 
ing  to  the  drawings  will  be  found  in  the  ground  powder. 

Polarized  light  is  a  most  important  aid  in  examining  this  spice.  It 
brings  out  strongly  the  stone-cells  and  ligneous  tissue  and  differentiates 
therefrom  the  great  mass  of  other  matter.  It  also  makes  the  oil  cavi- 
ties more  distinct. 

The  adulteration  of  this  spice  does  not  often  occur,  owing  to  its  cheap- 
ness. We  have  only  found  three  cases,  and  those  from  Baltimore.  In 
No.  4530  a  substitution  had  been  made  for  allspice,  of  which  not  a  par- 
ticle could  be  detected,  of  inferior  cloves  from  which  much  of  the  volatile 
oil  had  been  extracted,  and  Nos.  4877  and  4877,  where  yellow  corn  and 
mineral  coloring  matter  were  plentiful.  In  these  instances  chemical 
analysis  confirmed  the  microscopic  examination. 

Abroad  clove  stems  are  said  to  be  largely  used  as  an  adulterant.  They 
differ  from  cloves,  as  has  been  already  explained,  in  the  presence  of  ' 
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numerous  stone-cells  and  fibro-vascular  bundles,  and  in  Canada  peas 
and  roasted  corn  have  been  found.  The  presence  of  these  cheap  dilu- 
ents should  be  sought  for,  as  in  peppers,  but  they  are  less  common  in 
this  spice. 

CHEMICAL   COMPOSITION  OF  ALLSPICE. 

But  little  has  been  published  in  regard  to  the  proximate  principles  of 
the  pimento.  The  amount  of  volatile  oil  is  said  by  Fliickiger  to  be  from 
3  to  4J  per  cent.,  while  starch  and  much  tannin  are  present  in  the  berry. 
Dragendorff  has  also  found  a  minute  quantity  of  an  alkaloid  of  the  odor 
of  coumarine.  Hassall  gives  analyses,  which  are  too  old  to  be  of  any 
value,  and  quotes  Pereira  as  an  authority  for  the  fact  that  the  essential 
oil  of  pimento  is  made  up  of  two  distinct  oils,  which,  of  course,  may  be 
true  in  one  sense  but  is  hardly  of  value  as  a  definite  distinction,  both 
for  this  spice  and  cloves,  as  has  been  already  remarked. 

As  a  matter  of  fact  but  little  is  known  of  this  spice.    We  have  ex- 
amined seven  samples  with  the  results  here  given  : 

4500.  Whole  allspice. 

4501.  Ground  allspice,  guaranteed  pure,  Washington. 
4518.  Ground  allspice,  ground  in  Washington. 
4525.  Ground  allspice,  ground  in  Baltimore. 

4530.  Ground  allspice,  ground  in  Baltimore. 
4534.  Ground  allspice,  ground  in  Baltimore. 
4538.  Ground  allspice,  English  brand. 

4877.  Ground  allspice,  best,  cheap  grade,  Baltimore. 

4878.  Ground  allspice,  pure,  cheap  grade,  Baltimore. 

All  the  samples  were  ground  by  different  firms  except  the  last  two. 

Analyses  of  pimento,  allspice. 


a 

4 

> 

"3 

Serial 
No. 

Description. 

1 

4 

o 

1 

'S 
,>1 

1 

o 
1 

1 

-! 

< 

;> 

Ph 

P 

O 

<1 

^ 

H 

o 

4500 

Whole 

6.19 
5.51 

4.01 
3.93 

5.15 
2.93 

6.15 
6.10 

59.28 

58.24 

14.83 
17.95 

4.38 
5.34 

.70 
.86 

10.97 
13.10 

2.81 

4501 

Commercial  ground 

3.36 

4518 

do 

8.03 

4.83 

2.07 

5.50 

57.20 

18.00 

4.38 

.70 

9.31 

2.39 

4525 

do 

8.82 

4.91 

3.32 

6.18 

57.90 

13.45 

5.42 

.87 

9.39 

2.40 

4530 

do 

11.59 

6.02 

8.17 

7.64 

59.57 

11.93 

5.08 

.81 

18.72 

4.80 

4534 

do 

7.31 

3.45 

3.16 

6.92 

58.58 

16.55 

4.03 

.64 

12.74 

3.27 

4538 

do 

8.71 

4.50 

1.29 

5.35 

55.90 

18.83 

5.42 

.87 

10.  92 

2.80 

4877 

do 

7.98 

5.53 

2.80 

3.77 

56.86 

18.98 

4.38 

.70 

8.27 

2.12 

4878 

do 

7.31 

5.19 

1.82 

1.60 

56.45 

23.60 

4.03 

.67 

4.32 

1.11 

In  our  analyses  there  is  considerable  variation  among  the  samples. 
Taking  the  whole  berry  as  the  standard  the  others  fall  off  very  much  in 
quality,  as  judged  by  the  volatile  oil,  with  the  exception  of  number  4530, 
which,  too,  from  its  low  fiber,  high  ash,  and  high  volatile  and  fixed  oil  is 
suspicious,  and  proves  to  be  a  substitution  of  cloves  and  clove  stems. 
The  microscope  has  shown  that  this  sample  is  inferior  cloves,  and  it 
must  therefore  be  rejected. 
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The  amount  of  essential  oil  in  our  best  sami)le  exceeds  Fliickiger^s 
highest,  but  on  the  ground  specimens  falls  off  sadly,  4538  and  4878 
being  almost  worthless  as  far  as  this  valuable  ingredient  goes,  perhaps 
in  the  first  case  having  been  exhausted  for  the  preparation  of  the  oil, 
although  the  ash  is  but  little  reduced  in  amount,  and  in  the  latter  being 
nothing  but  mixtures,  as  shown  under  the  microscope. 

The  other  determinations  show  no  important  variation  in  the  constit- 
uents, and  estimation  of  the  volatile  oil  would  perhaps  be  the  only 
thing  necessary  in  a  chemical  way  in  examining  it,  without  it  is  desired 
to  go  into  the  determination  of  tannin,  which  is  as  serviceable  a  means 
of  discriminating  among  allspices  as  was  found  to  be  the  case  with 
cloves. 

In  the  same  way  our  results  show  that  good  allspice  contains  oxid- 
izable  matter  extracted  by  water  after  removal  of  oil,  etc.,  by  ether 
equivalent  to  from  9-11.0  per  cent,  of  quercetannic  acid,  the  amount 
being  considerably  smaller  than  is  found  in  cloves.  This  determination 
points  out  at  once  that  specimens  4530  and  4878  are  abnormal,  and  that 
4534  is  suspicious.  It  may  be  made  of  value  and  must  be  carried  out 
in  the  same  way  as  with  cloves.  Of  the  eight  ground  specimens  ex- 
amined three  ^ere  adulterated  and  one  was  suspicious,  so  that  even  of 
this  cheap  spice  we  can  hardly  expect  a  pure  supply  without  some  pro- 
tection. 

NUTMEG. 

Nutmegs  are  the  interior  kernel  of  the  fruit  of  Myristica  fragrans,  a 
tree  growing  in  various  parts  of  the  East,  but  principally  in  the  Banda 
Islands. 

Fluckiger  and  Hanbury  describe  in  a  most  excellent  way  their  char- 
acteristics as  follows : 

The  fruit  is  a  pendulous,  globose  drupe,  about  2  inches  in  diameter,  and  not  unlike 
a  small  round  pear.  It  is  marked  by  a  furrow  which,  passes  around  it,  and  by  which 
at  maturity  its  thick  fleshy  pericarp  splits  into  two  pieces,  exhibiting  in  its  interior  a 
single  seed,  enveloped  in  a  fleshy  foliaceous  mantle  or  arillus,  of  fine  crimson  hue, 
which  is  mace.  The  dark  brown  shining  ovate  seed  is  marked  with  impressions  corres- 
ponding to  the  lobes  of  the  arillus ;  and  on  one  side,  which  is  of  paler  hue  and  slightly 
flattened,  a  line  indicating  the  raphe  may  be  observed. 

The  bony  testa  does  not  find  its  way  into  European  commerce,  the  so-called  nutmeg 
being  merely  the  kernel  or  nucleus  of  the  seed.  Nutmegs  exhibit  nearly  the  form  of 
their  outer  shell  with  a  corresponding  diminition  in  size.  The  London  dealers  esteem 
them  in  proportion  to  their  size,  the  largest,  which  are  about  one  inch  long  by  eight- 
tenths  of  an  inch  broad,  and  four  of  which  will  weigh  an  ounce,  fetching  the  highest 
price.  If  not  dressed  with  lime,  they  are  of  a  grayish  brown,  smooth  yet  coarsely 
furrowed  and  veined  longitudinally,  marked  on  the  flatter  side  with  a  shallow  groove. 
A  transverse  section  shows  that  the  inner  seed  coat  (endopleura)  penetrates  into  the 
albumen  in  long  narrow  brown  strips,  reaching  the  center  of  the  seed,  thereby  impart- 
ing the  peculiar  marbled  appearance  familiar  in  a  cut  nutmeg.     *     *     * 

The  tissue  of  the  seed  can  be  cut  with  equal  facility  in  any  direction. 

Of  the  microscopic  structure  they  say : 

The  testa  consists  mainly  of  long,  thin,  radially  arranged  rigid  cells,  which  are 
closely  interlaced  and  do  not  exhibit  any  distinct  cavities.     The  endopleura  which 
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forms  the  adhering  coat  of  the  kernel  and  penetrates  into  it,  consists  of  soft  walled, 
red  brown  tissue,  with  small  scattered  bundles  of  vessels.  In  the  outer  layers  the 
eudopleura  exhibits  small  collapsed  cells ;  but  the  tissue  which  fills  the  folds  that  dip 
into  the  interior  consists  of  much  larger  cells 

The  tissue  of  the  albumen  is  formed  of  soft-walled  parenchyme,  which  is  densely 
filled  with  conspicuous  starch  grains  and  with  fat  partly  crystallized.  Among  the 
prismatic  crystals  of  fat  large,  thick  rhombic  or  six-sided  tables  may  often  be  ob- 
served.   With  these  are  associated  grains  of  albuminoid  matter  partly  crystallized. 

In  carefully  made  preparations  from  the  whole  nutmeg  the  structure 
above  described  can  be  made  out  by  care  and  patience.  In  the  ground 
spice,  however,  of  these  characteristics  only  the  interior  parenchyma 
cells  with  their  starchy  contents  can  be  seen  when  mounted  in  water, 
with  the  alternate  use  of  common  and  polarized  light.  The  fatty  crys- 
tals we  have  not  observed,  and  the  fragments  of  the  endopleura  or  red- 
brown  tissue  are  characterized  only  by  their  color.  In  chloral  hydrate 
the  starch  cells  and  grains  are  swollen,  but  the  red-brown  tissue  is  much 
more  transi)arent,  sufficiently  so,  in  fact,  to  reveal  any  differences  be- 
tween it  and  any  adulterant  which  might  bear  a  resemblance.  There 
are  but  few  bundles  of  fibers  to  be  found.  The  structure  as  a  whole  is 
so  simple  that  the  addition  of  any  foreign  material  can  be  readily  de- 
tected. 

CHEMICAL  COMPOSITION  OF  NUTMEO. 

Analysis  of  these  samples  of  nutmegs  of  the  following  origin  have 
been  made : 

4512.  "Whole  limed  nutmeg,  grocers. 

4513.  Ground  limed  nutmeg,  grocers. 
4546.  Ground  in  Baltimore. 


Serial  No. 

Water. 

Ash. 

Vola- 
tUe  oU. 

Fixed 
oil  or 
fat. 

Starch, 
&c. 

Crude 
fiber. 

Albumi- 
noids. 

Total. 

Nitro-- 
gen. 

4512 

6.08 
4.19 
6.40 

3.27 
2.22 
3.15 

2.84 
3.97 
2.90 

34.  37 
37.30 
30.98 

36.98 
40.12 
41.77 

11.30 
6.78 
9.55 

5.16 
5.42 

5.25 

100.  00 
100.  00 
100.  00 

.83 

4513 

.87 

4546 

.84 

Fllickiger  states  that  the  volatile  oil  of  nutmegs  amounts  to  between 
3  and  8  per  cent.,  and  that  it  is  of  the  nature  of  a  terpene.  The  fat  or 
fixed  oil  he  places  at  one-fourth  of  the  weight  of  the  nutmeg,  or  25.0 
per  cent.,  the  principal  constituents  being  starch  and  albuminoids. 
Beyond  these  facts  gathered  by  this  authority  nothing  of  value  seems 
to  have  been  published  in  regard  to  the  proximate  percentage  composi- 
tion of  nutmegs. 

Our  results  with  only  three  samples  are  fairly  concordant.  The  vola- 
tile oil  hardly  reached  the  limit  which  has  been  mentioned.  It  is  no 
doubt  a  variable  quantity.  The  fixed  oil  or  fat,  on  the  other  hand,  far 
exceeds  what  was  expected.  Our  more  perfect  methods  of  extraction 
may  be  partly  the  cause  of  these  results,  and  it  may  be  also  due  to  a 
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resinification  of  the  portion  of  the  volatile  oil,  thus  reducing  the  percent- 
age of  this  substance  and  increasing  that  of  the  fat. 

The  amount  of  starch  and  allied  substances  seems  fairly  constant, 
while  that  of  albuminoids  is  rather  lower  than  would  be  expected.  The 
fiber  is  also  low,  but  our  methods  of  determining  so  called  fiber  are  so 
indefinite  that  such  determinations  are  of  only  of  comparative  value. 

Without  any  actual  trials  it  would  seem  that  determinations  of  oil 
and  fat,  and  perhaps  of  albuminoids  and  fiber,  would  serve  well  to 
detect  foreign  substances  which  would  certainly  modify  in  a  striking 
way  the  normal  relations  of  these  proximate  principles. 

At  present  nutmegs  are  almost  entirely  sold  whole  and  grated  in  the 
kitchen.    Attempts  at  adulteration  have,  therefore,  been  few  in  number. 

MACE. 

The  mantle  or  arillus  of  the  nutmeg,  a  coat  between  the  outside  peri- 
carp and  the  seed,  is  known  as  mace  when  separated  and  dried.  The 
coat  is  not  continuous,  but  is  a  net- work  the  form  of  which  is  recogniz- 
able  in  the  dried  spice. 

Of  its  microscopic  structure  Fltickiger  and  Hanbury  say  : 

The  uniform,  small-celled  angular  parenchyme  is  interrupted  by  numerous  brown  oil 
cells  of  larger  size.  The  inner  part  of  the  tissue  contains  also  thin  brown  vascular  bun- 
dles. The  oells  of  the  epidermis  on  either  side  are  colorless,  thick  walled,  longitudinally 
extended,  and  covered  with  a  peculiar  cuticle  of  broad,  flat  ribbon-like  cells,  which 
cannot,  however,  be  removed  as  a  continuous  film.  The  parenchyme  is  loaded  with 
small  granules,  to  which  a  red  color  is  imparted  by  Millon's  test  (solution  of  mercurous 
nitrate)  and  an  orange  hue  by  iodine.  The  granules  consequently  consist  of  albumin- 
ous matter,  and  starch  is  altogether  wanting. 

This  statement  has  been  fully  confirmed,  and  the  presence  of  starch 
claimed  by  several  writers  disproved.  Iodine  produces  a  peculiar  deep 
brown  color  approaching  the  black-blue  given  with  starch,  which,  in 
connection  with  the  granules,  has  given  riso  to  the  statements  that 
starch  is  present. 

In  the  ground  powder  of  mace  all  the  details  of  structure  described 
by  Fltickiger  are  readily  made  out,  especially  in  chloral  hydrate  prep- 
arations with  polarized  light,  as  the  brown  vascular  bundles,  the  rib- 
bon-like and  epidermal  cells  all  are  polarizing  substances,  while  the 
large  mass  of  granular  parenchyma  cells  are  not.  The  ribbon-like  cells 
are  particularly  interesting  in  the  varied  forms  they  assume.  Adultera- 
tions can  be  readily  detected. 

CHEMICAL  COMPOSITION   OF  MACE. 

Fltickiger  and  Hanbury  found  in  mace  8.2  per  cent,  of  essential  oil  and 
24.5  per  cent,  of  aromatic  balsam  or  resinified  aromatic  oil  but  no  fatj 
also  1.4  per  cent,  of  uncrystallizable  sugar  and  1.8  of  mucilage,  or  a 
body  between  that  and  starch,  blued  by  iodine.  The  composition  of 
mace  they  therefore  find  to  be  very  different  from  that  of  nutmeg,  con- 
trary to  the  assertion  of  Hassall. 
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Three  samples,  which  ive  have  examined,  gave  the  following  results ; 

4508.  Whole  mace,  guaranteed. 

4509.  Ground  mace,  guaranteed. 
4535.  Ground  mace,  Baltimore. 

4879.  Ground  mace,  Baltimore,  low  grade. 

Analyses  of  mace. 


Serial  number. 

Water.!    Aab. 

1 

Vola- 
tile 

on. 

Eesin. 

Undeter- 
mined. 

Crude 
fiber. 

Albumi- 
noids. 

Total. 

Mtro- 
gen. 

4508        

5.67 
4.86 
10.47 
8.90 

4.10 
2.65 
2.20 
3.23 

4.04 
8.66 
8.68 
5.39 

27.50  '         4.1-17 

8.93 

4.48 

6.88 

12.20 

4.55 
6.13 

5.08 
7.18 

100.  00 
100.  00 
100.  00 
100.  00 

,73 

4509 

29.08 
23.33 
35.09 

35.50 
34.68 
28.01 

.98 

4535 

.81 

4879    

1.15 

The  percentages  of  volatile  oil  agree  with  the  determinations  of  Fliick- 
iger  except  in  the  sample  ground  from  the  whole  nutmeg  in  our  labora- 
tory, which  is  deficient.  The  amount  probably  should  always  reach  8  per 
cent,  in  good  nutmegs.  The  resin  found  averages  rather  higher  than 
in  Fliickiger's  specimen,  but  the  presence  of  so  large  an  amount  is  cer- 
tainly very  characteristic  of  this  spice,  as  well  of  the  nutmeg  itself,  and 
the  presence  of  adulterants  would,  without  doubt,  unless  skillfully  pro- 
vided for,  be  detected  by  the  absence  of  more  than  20  per  cent,  of  this 
extractive  matter. 

Ko  qualitative  estimation  was  made  of  sugar  and  gum  j  they  were  de- 
tected qualitatively  in  small  amounts,  but  from  the  determinations  of 
fiber  and  albuminoids  it  is  evident  that  a  large  amount  of  extractive 
matter  not  starch  is  present,  and  as  Fllickiger  found  only  about  3  per 
cent,  of  substances  soluble  in  alcohol  and  water  and  no  starch,  and  as 
the  non-nitrogenous  material  removed  by  acids  amounts  to  35  per  cent., 
it  is  probably  one  of  the  numerous  members  of  the  cellulose  group,  re- 
lated to  gum  or  starch,  which  is  contained  in  the  parenchyma  cells.  In 
the  absence  of  adulterated  specimens  it  is  difficult  to  say  what  methods 
of  procedure  should  be  taken  for  their  detection ;  but  aside  from  the  mi- 
croscopical examination,  which  would  readily  reveal  most  adulterants, 
the  chemical  characteristics  seem  to  be  so  marked  as  to  make  the  pres- 
ence of  any  foreign  substance  evident  in  the  results  of  analysis. 


APPENDIX   A. 


BIBLIOGRAPHY  OF  THE  LITERATURE  OF  SPICES  AND  CONDIMENTS. 

The  following  bibliograpliy  consists  of  a  list  of  sucli  books  and  i^apers  of  any  in- 
terest as  have  appeared,  to  my  knowledge,  within  the  last  fifteen  years.  There  has 
seemed  to  be  no  necessity  for  including  anything  published  earlier  than  1870,  as  the 
progress  of  investigation  has  left  everything  behind  which  was  done  before  then. 
Blyth,  however,  in  his  work  entitled  "Foods,  their  Composition  and  analyses,"  gives 
lists  of  the  ancient  literature  of  the  subject,  which  can  be  referred  to  by  those  who 
are  interested  in  the  historic  rather  than  the  analytical  aspects  of  the  subject.  The 
works  which  were  published  before  the  date  named  and  which  are  of  interest  to  the 
analyst  may  also  be  found  in  a  list  given  by  Dr.  Battershall  in  his  recent  publication. 

GENERAL  WORKS, 

BatTERSHAl,  J.  p.     [Adulteration  of  Food.]     1887. 

Bell,  Ja:mes.     Food,  Chemistry  of.     1883.     London. 

Blyth,  A.  Wyxter,  1876.    A  Dictionary  of  Hygiene,  comprising  the  detection  of 

adulteration.     London,  1876. 
Blyth,  A.  W.,  1882.     Foods:  their  Composition   and  Analysis.     Charles  Griffin  &, 

Co.,  London. 
Canada,  Dominion  of,  1876  to  date.    Department  of  Inland  Revenue.    Reports  on 

adulteration  of  food,  being  Supplement  No.  Ill  to  the  report  of.     Ottawa, 

McLean,  Roger  &  Co. 
Chevallier,  a,,  1878.  Dictionnairedes  alterations  et  falsifications  des  substances  ali- 

meutaires,  medicamenteuses  et  commerciales,  avec  I'indication  des  moyens 

pour  les  reconnaitre.     Paris,  5e  ^d.,  1878,  2  Th. 
Dammer,  Otto.    Illustrirtes  Lexicon  der  Yerfalschungen  und  Verunreinigungen  der 

Nahriiugs-  und  Genussmittel.     Leipzig,  1886. 
Dietzsch,  Oscar,  1884.  Die  wichtigsten  Nahrungsmittel  und  Getriinke,  deren  Ve- 
runreinigungen- und  Verfalschungen,  u.  s.  w.     Ziirich,  1884,  pp.  352,  8°. 
Elsner,  Fritz,  1882.  Die  Praxis  des  Nahrungsmittel-Chemikers.    Hamburg-Leipzig, 

Leopold  Voss,  1882,  8^,  216  ss. 
FLtJCKiGER,  Fredrich  A.,  &  Hanbury,  Daniel.     Pharmacographia.     A  History  of 

the  Principal  Drugs,  etc.    2d  edit.     Loudon,  Macmillan  &  Co.,  1879,  pp.  803. 
Francaise,  Republique,  Prefecture  de  Police.    Documents  sur  les  Falsifications 

des  Matieres  alimentaires  et  sur  les  travaux  du  laboratoire  municipal.     3 

tomes.     Paris,  G.  Masson. 
Hanauseck,  T.  F.,  1884.  Die  Nahrungs-  und  Genussmittel  aus  dem  Pflanzenreiclie. 

Kassel,  1884,  ss.  485. 
Hassall,  Arthur  Hill,  1876.    Food.    Its  Adulterations  and  the  Methods  for  their 

Detection.     London,  Longmans,  Green  &Co.,  1876,  8^^,  896  pp. 
Hilger,. Albert,  1885,  Sept.    Yereinbarungen  betreffs  der  Untersuchungen  und  Beur- 

teilung  von  Nahrungs-  und  Genussmittel    sowie    Gebrauchsgegenstiinden. 

Herausgegeben  im  Anftrage  der  freien  Yereinigung  bayrisher  Yertreter  der 

angewandten  Chemie.     Berlin,  Julius  Springer,  1885,  pp.  283. 


236  FOODS  AND  FOOD  ADULTERANTS. 

HiLGER,  A.,  and  Ka.yser,  R.,  1886.  Bericht  iiber  die  4.  Versammlung  der  freien 
Vereinigung  Bayrischer  Vertreter  der  angewandeten  Chemie  zu  Number  g 
7.  uud  8.     Aug.,  1885.    Berlin,  Julius  Springer,  1886,  118  ss. 

Kayser,  R.,  Holzner,  Vogel,  Hans,  Prior,  E.,  List,  E.,  and  Sendtner,  R.,  '83. 
Sechs  Vortrage  auf  dem  Gebiete  der  Nahrungsmittel-Chemie.  1.  Unter- 
suchung  von  Nahrungs-  und  Genussmittel,  sowie  Verbraucbsgegenstanden 
mit  Bezugsnahme  auf  das  Reichsgesetz  von  14.  Mai  von  R.  Kayser.  2. 
Ueber  Schultze'sclie  Tafeln  von  Holzner.  3.  Ueber  Milcbuntersucbung 
und  Milch-Control  von  Hans  Vogel.  4.  Untersucbung  iiber  den  Hopfen.  5. 
Die  Scbwefelsiiure  in  Wein,  von  E.  List.  6.  Die  Untersuchung  der  Butter, 
von  R.  Sendtner.     Wiirzburg,  1883. 

Klencke,  Hermann,  1878.  Illustrirtes  Lexicon  der  Verfalschungen  derNahrungs- 
mittel  und  Getriinke.     Leipzig,  1878. 

K5NIG,  J.,  188'. — Nahrungs- und  Genussmittel,  ihre  Herstellung,  Zusammensetzung 
und  Beschaffenheit,  ihre  Verfalschungen  und  ihre  Nachweisung.  2.  Band. 
Berlin,  Julius  Springer,  1882,  8^  ss.  620  and  351. 

Massachusetts  State  Board  of  Health,  Lunacy,  and  Charity,  1879-188'.  Sup- 
plements, containing  the  reports  and  papers  on  public  health  to  the  first, 
second, fourth,  fifth,  and  sixth,  etc.,  reports  of. 

Moller,  1886.  Mikroskopie  der  Nahrungs-  und  Genussmittel  aus  dem  Pflanzenreich. 
1886. 

New  York  State  Board  of  Health.    Annual  reports  of  1880  to  date.    Albany.    8^. 

SCHMIPFER,  A.  F.  W.,  1886.  Anleitung  zur  mikroskopischen  Untersuchung  der  Nah- 
rungs- und  Genussmittel.     Jena,  Gustav  Fischer,  1886,  ss.  140. 

Soubeiran,  J.  Leon,  1874.  Nouveau  dictionnaire  des  falsifications  et  des  alterations 
des  aliments,  des  m6dicaments,  &c.     Paris,  1874. 

Walchner,  J.  H.,  1875.  Die  Nahrungsmittel  der  Menschen,  ihre  Verfalschungen  und 
Verunreinigung.     Berlin,  1875,  8°,  324  ss. 

Wood,  H.  C,  Remington,  J.  P.,  and  Sadtler,  S.  P.,  1883,  Jan.  The  Dispensatory 
the  United  States  of  America,  15.  edition.  Philadelphia,  J.  B.  Lippincott  & 
Co.,  1883,  8°,  pp.  1928. 

GENERAL  ARTICLES  BEFEBBING  TO  SEVEBAL  OF  THE  SPICES. 

Biechele,  1881.  (Untersuchung gepulverte  Gewiirze.)  (Extractive matter.)  Abs. 
Zeit.  anal.  Chem.  20,  229-298,  from  Correspbl.  d.  Verein  anal.  Chemikers, 
2,70. 

BoRGMANN,  E.,  1883.  Gewiirzeuntersuchungen  (Alcoholic  Extracts.)  Zeit.  anal- 
Chem.  22,  535-537. 

Fischer,  Ferd,,  1880,  Jan.  (Zur  Verfalschung,  und  Untersuchung  von  Nahrungs. 
und  Genussmittel.)  Title :  Chem.  Centbl.  11,  221,  from  Poly.  J.  235, 140-150. 

Fischer,  Ferd.,  1879,  Dec.  (Ausnutzung  der  Nahrungsmittel.)  (1.)  Nahrungsbe- 
darf  des  Menschen,  J.  Ranke.  (2.)  Nahrwerth  verschiedener  Nahrungsmit- 
tel, Rubner.  Title  :  Chem.  Centrbl.  11, 151  fromPolyt.  J.  234,  486-489. 

Hilger,  a.,  1879,  18  August.  (Untersuchung  der  Nahrungs-  und  Genussmittel.) 
(Michl.  Wurstwaaren,  Essig und  Gewiirze.)  Abs.  Chem.  Centbl.  10,  40,  from 
Arch.  Pharm.  [3]  13,  428-433. 

Laube,  G.,and  Aldendorf,  H.,  1879.  Wider  die  Nahrungsfalscher.  (Analyses  of 
Spices,)     Hannoversche  Monatsschrift,  1879,  83.     Vide  Konig,  J. 

Leeds,  A.«R.,  1881.  Upon  the  adulteration  of  food,  drink,  and  drugs  from  the  chem- 
ists' standpoint  and  upon  the  attitude  of  chemists  in  the  matter  of  appoint- 
ment of  government  analysts.  Am.  Chem.  Soc.  Jour.  3,  60-62.  Chem.  News, 
44,  56. 

Sell,  Eugene,  1883,  28  September.  (Vortrag  iiber  Nahrungsmittel  Chemiker  und 
Nahrungsmittel  Chemie.  Abs.  Chem.  Centbl.  14,731-732. 


SPICES    AND    CONDIMENTS.  237 

WiGNER,  G.  W.,  and  others,  1881.     (Adulteration,  Definition  and  Proposed  Laws.) 

Analyst,  6,  3. 
Wolff,  C.  H.,    1881.     Untersuchung  gepulverter   Gewiirze.     (Extractive  matter.) 

Zeit.  anal.  Chem.  20,  296-298,  aus  Corbl.  d.  Verein  anal.  Chemiker,  2,  91. 

AETICLES  ON  STARCHES. 

Dafert,  F.  W,,  1885.     Zur  Kenntniss  der  Starkearten.     Landw.  Jahrb.  14,  831-838, 

15, 259-276 ;  Abs.  Bied.  Centbl.  15, 279-680. 
Muter,  J.,  1878.     Organic  Materia  Medica.     London,  1878. 
Nagelli,  1858.    Die  Stiirkemehlkorner,  1858. 

Strassburger,  Eduard      Das  botanische  Prakticum.     Jena,  1884,  ss.  666. 
Tripe,  J.  W.,  1879,   December.     On  tbe  discrimination  of  starches  by  polarized 

light.     Analyst  4,  221-223. 
Weisner,    Einleitung  indie  tecbnischen  Mikroskopie.     Wien,  1867,  8°. 
Vide  also  Hassall,  Bly  th,  Konig,  and  others. 


AETICLES  ON  PAETICULAB  SPICES. 


Anonymous,    1883.     (Test  for  pepper  on  aqueous  iodine. )    Pharm.  Centralhalle,  24, 

510.  Pharm.  Centralhalle,  24,  566.    Vide  Lenz,  W.  Zeit.  Anal.  Chem.  24,  510. 
Brown,  J.  Campbell,  1887,  Feb.     On  Poivrette.    Analyst,  12,  2.3-25. 
Brown,  J.  Campbell,  1887,  March.     Further  note  on  Poivrette.     Analyst,  12, 47-48. 
Brown,  J.  Campbell,  1887     On  long  pepper.     Analyst,  12,  67-70. 
Brown,  J.  Campbell,  1887,  April.    Poivrette,  Caution  to  Analysts.  Analyst,  12,  72. 
Brown,  J.  Campbell,  1887,  May.     Another  new  pepper  adulterant  (Dhoura  Corn). 

Analyst,  12,  89. 
Diehl,  C.  Lewis,  1881.     Keport  to  National  Board  of  Health  on  adulteration  of  drugs 

(including  pepper).    Bull.  Nat.  Bd.  Health,  Supp.  No.  6,  Analyst,  6,  50. 
Geissler,  E.,  1883.     (Untersuchung  des  Pfeffers.)      Chem.   Centbl.  15,  70-71,  aus 

Pharm.  Central  halle,  24,  521-523. 
Hager,  H.     (Pfeffer  Verfalschungen.)     Heating  with  oxalic  acid  and  water  and  de- 
termination of  extract  formed.    Vide  Lenz,  Zeit.  anal.  Chem.  24,  510. 
Halenke,  a.,  1886,  Aug.  6.    Referat  iiber  die  zulassige  Grenze  von  mineralischen 

Verunreinigungen  des  gemahlenen  Pfeffers.     Ber.  5te   Vers.  Bay.  Vert,  d 

angew.  Chemie,  21-32. 
Halenke  and  Moslinger,   1885,  Aug.  7  and  8.     Ueber  Pfefferverfalschung.     Ber. 

Bayrischer  Vert,  angew.  Chem.,  1885,  104.     Berlin,  J.  Springer,  1886. 
Harvey,  Sidney,  1886,  Nov.  10.    Note  upon  the  conversion  of  stiirch  into  glycerine 

by  means  of  hydrochloric  acid  (in  peppers).     Analyst,  11,  221-223.     Abs. 

Am.  J.  of  Pharm.  59,  31-32. 
Heisch,  C,  1886,  Oct.    Analyses  of  pepper.     Analyst,  11,  186-190.     Abs.  J.  Chem. 

Soc,  52,  312. 
Hill,  Bostock,  1885.     Note  on  a  sample  of  adulterated  pepper.     Analyst,  10,  122- 

123. 
Lknz,  W.,    1884.     Ein  Beitrag   zur    chemischen  Untersuchung  von  Pfefferpulver. 

Zeit.  anal.  Chem.,  23,  501-513. 
Meyer,  Arthur,  1883,  Dec.     (Die  mikroskopische  Untersuchung  von  Pflanzenpul- 

ver,  speziell  iiber  den  Nachweis  von  Buchweizenmehl  in  Pfefferpulver  und 

iiber  die  Unterscheidung  des  Maismehls  von  dem  Buchweizenmehl.)     Abs- 

Chem.  Centbl.,  15, 201.     From  Arch.  Pharm.  [3],  21,  911-918. 
Niederstadt,  1886.    (Piperin  Bestimmung.)    Rep.  anal.  Chim.,  3,  68. 


238  FOODS  AND  FOOD  ADULTERANTS. 

Kabourdin,  H.,  1884.    De  I'essai  des  poivres  du  commerce  au  point  de  vue  de  leur 

falsification  par  les  grignons  d'olive  et  les  grabeaux.     J.  de  Pharm.  et  de 

Chim.,  [5],  9,  289-297.    Abs.  Pharm.  Zeit.,  29,  375. 
ROTTGER,  Dr.,  1885,  Aug.  7  and  8.    Zur  Untersuchung  des  Pfeffers.    Ber.  4.  Vers. 

Verein  Bayrisch.  Vertreter  u.  s.  w.,  1885,  97. 
SCHUSCHING,  H.,  1885.    (Pfeffer  im  Kleinhandel. )   Abs.  Cbem.  Centbl.,  16, 170.    From 

Arch.  f.  Pharm. 
Weigmann,  H.,  1886.     Zur  chemischeu  Untersuchung  des  Pfeffers.     Abs.  Deutsch. 

Chem.  Zeitbl.,  397.     Title:  Chem.  Centbl.  1^,744.     From  Rep.  anal.  Chem., 

6,  399-402. 

MUSTARD. 

Hassall,  A.  H.,  1877.  (Ueber  den  Senf  und  dessen  Verfalsshungen.)  Title:  Chem. 
Centlbl.  8,  247,  from  Arch.  Pharm.  3,  10,  156. 

Leeds,  Albert  R.,  and  Everhart,  Edgar,  1882,  .Tuly.  (Eine  Methode  zur  Analyse 
des  Senfes.)    Zeit.  anal.  Chem.  21,  389-394.  Abs.  Chem.  Centbl.  13,  646-647. 

Piesse,  Charles,  and  Stansell,  Lionel,  1880.  Analyses  of  black  and  white  mus- 
tard. Aualyst  5,  161-165.  J.  Pharm.  et  de  Chimie  [5]  3,  252-254.  Chem. 
Centbl.  1 2,  374. 

Steffeck,  H.,  1887.  Ein  neues  Falschungmittel  des  weissen  Senfes  (Sinapis  alba) 
Land.  Vers.  Sta.  33,  411-415. 

Waller,  E.  and  Martin,  E.  W.,  1884.  An  examination  of  mustards  manufactured, 
and  sold  in  New  York  City.     Analyst,  9,  166-170. 

cayenne 

Strohmer,  F.,1884.  Die  chemische  Zusammensetzung  and  Priifung  des  Paprikas 
Vorlaufiger  Mi th.  Chem.  Centbl.  [3],  15,  577-580. 

GINGER. 

Jones,  E.  W.  T.,  1886,  April.     The  amount  of  starch  in  ground  ginger.     Analyst,  11, 

75-77. 
Tresh,  1883,  *May.     (Die  Bestandtheile  des  Ingwers.)     Note,  Chem.  Centbl.  13,539, 

aus  Pharm.  J.  and  Trans.  [3],  610,  721.     Arch.  Pharm.  [3],  20,  372. 
Young,  W.  C,  1884.     Some  analyses  of  ginger.     Analyst,  9,  214-215. 

CINNAMON  AND   CASSIA. 

Hehner,  O.,  1879.     On  the  mineral  constituents  of  cinnamon  and  cassia.     Analyst 

4,225-228. 
HiLGER,  A.,  1886. — Aschegehalt  von  Ceylon  Zimmt.    Arch.  d.  Pharm.  223,  826.    Abs. 

Zeit.  anal.  Chem.,  25,  592. 
LOTZE,  1886.    Sur  I'essence  de  cannelle  de  Chine.    J.  Pharm.  et  de  Chimie  [5],  14, 419- 

423. 


APPENDIX   B 


SOME  OF  THE  LAWS  RELATING  TO  ADULTERATION  OF  SPICES  AND 

CONDIMENTS. 

The  following  laws  are  the  most  valuable  and  important  which  have  been  recently 
enacted,  and  are  of  such  character  as  to  make  their  enforcement  possible.  There  are 
a  few  other  States  having  laws  which  are  practically  dead  letters. 

Some  portions  not  relating  to  the  subject  of  this  part  of  the  Bulletin  are  omitted.* 

LEGISLATION. 

The  New  York  State  general  law,  of  1881,  for  the  prevention  of  the  adulteration  of 
food  and  drugs  is  as  follows : 

Section  1.  No  person  shall,  within  this  State,  manufacture,  have,  offer  for  sale,  or 
sell  any  article  of  food  or  drugs  which  is  adulterated  within  the  meaning  of  this  act, 
and  any  person  violating  this  provision  shall  be  deemed  guilty  of  a  misdemeanor, 
and  upon  conviction  thereof  shall  be  punished  by  fine  not  exceeding  fifty  dollars  for 
the  first  offense,  and  not  exceeding  one  hnndred  dollars  for  each  subsequent  offense. 

2.  The  term  "food,"  as  used  in  this  act,  shall  include  every  article  used  for  food  or 
drink  by  man.  The  term  "  drug,"  as  used  in  this  act,  shall  include  all  medicines  for 
internal  and  external  use. 

3.  An  article  shall  be  deemed  to  be  adulterated  within  the  meaning  of  this  act : 
a.  In  the  case  of  drugs. 

(1)  If,  when  sold  under  or  by  a  name  recognized  in  the  United  States  Phar- 

macopoeia, it  differs  from  the  standard  of  strength,  quality,  or  purity  laid 
down  therein. 

(2)  If,  when  sold   under  or  by  a  name  not  recognizea   in  the  United  States 

Pharmacopoeia,  but  which  is  found  in  some  other  pharmacopoeia  or 
other  standard  work  on  materia  medica,  it  differs  materially  from  the 
standard  of  strength,  quality,  or  purity  laid  down  in  such  work. 

(3)  If  its  strength  or  purity  fall  below  the  professed  standard  under  which 

it  is  sold. 
&.  In  the  case  of  food  or  drink. 

(1)  If  any  substance  or  substances  has  or  have  been  mixed  with  it  so  as  to  re- 

duce or  lower  or  injuriously  affect  its  quality  or  strength. 

(2)  If  any  inferior  or  cheaper  substance  or  substanoes  have  been  substituted 

wholly  or  in  part  for  the  article. 

(3)  If  any  valuable  constituen  t  of  the  article  has  been  wholly  or  in  part  ab- 

stracted. 

(4)  If  it  be  an  imitation  of,  or  be  so  Id  under  the  name  of,  another  article. 

(5)  If  it  consists  wholly  or  in  part   of  a  diseased  or  decomposed,  or  putrid  or 

rotten,  animal  or  vegetable  substance,  whether  manufactured  or  not, 
or,  in  te  case  of  milk,  if  it  is  the  produce  of  a  diseased  animal. 

*  I  am  indebted  to  the  secretaries  of  the  various  States  and  Dr.  Battershall  for  the 

material  here  collected. 
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(6)  If  it  be  colored,  or  coated,  or  polished,  or  powdered,  whereby  damage  is 

concealed,  or  it  is  made  to  appear  better  than  it  really  is,  or  of  greater 
value. 

(7)  If  it  contain  any  added  poisonous  ingredient,  or  any  ingredient  which 

may  render  such  article  injurious  to  the  health  of  the  person  consum- 
ing it :  Provided,  That  the  State  board  of  health  may,  with  the  ap- 
proval of  the  governor,  from  time  to  time  declare  certain  articles  or 
preparations  to  be  exempt  from  the  provisions  of  this  act:  And  pro- 
vided further,  That  the  provisions  of  this  act  shall  not  apply  to  mix- 
tures or  compounds  recognized  as  ordinary  articles  of  food,  provided 
that  the  same  are  not  injurious  to  health  and  that  the  articles  are  dis- 
tinctly labeled  as  a  mixture,  stating  the  components  of  the  mixture. 

4.  It  shall  be  the  duty  of  the  State  board  of  health  to  prepare  and  publish  from 
time  to  time  lists  of  the  articles,  mixtures,  or  compounds  declared  to  be  exempt  from 
the  provisions  of  this  act  in  accordance  with  the  preceding  section.  The  State  board 
of  health  shall  also  from  time  to  time  fix  the  limits  of  variability  permissible  in  any 
article  of  food  or  drug  or  compound,  the  standard  of  which  is  not  established  by  any 
national  pharmacopoeia. 

5.  The  State  board  of  health  shall  take  cognizance  of  the  interests  of  the  public 
health  as  it  relates  to  the  sale  of  food  and  drugs  and  the  adulteration  of  the  same, 
and  make  all  necessary  investigations  and  inquiries  relating  thereto.  It  shall  also 
have  the  supervision  of  the  appointment  of  public  analysts  and  chemists,  and  upon 
its  recommendation  whenever  it  shall  deem  any  such  officers  incompetent  the  ap- 
pointment of  any  and  every  such  officer  shall  be  revoked  and  be  held  to  be  void  and 
of  no  effect.  Within  thirty  days  after  the  passage  of  this  act  the  State  board  of 
health  shall  meet  and  adopt  such  measures  as  may  seem  necessary  to  facilitate  the 
enforcement  of  this  act,  and  prepare  rules  and  regulations  with  regard  to  the  proper 
methods  of  collecting  and  examining  articles  of  food  or  drugs,  and  for  the  appoint- 
ment of  the  necessary  inspectors  and  analysts;  and  the  State  board  of  health  shall 
be  authorized  to  expend,  in  addition  to  all  sums  already  appropriated  for  said  board, 
an  amount  not  exceeding  ten  thousand  dollars  for  the  purpose  of  carrying  out  the 
provisions  of  this  act.  And  the  sum  of  ten  thousand  dollars  is  hereby  appropriated, 
out  of  any  moneys  in  the  treasury  not  otherwise  appropriated,  for  the  purposes  in 
this  section  provided. 

6.  Every  person  selling  or  offering  or  exposing  any  article  of  food  or  drugs  for  sale, 
or  delivering  any  article  to  purchasers,  shall  be  bound  to  serve  or  supply  any  public 
analyst  or  other  agent  of  the  State  or  local  board  of  health  appointed  under  this  act, 
Avho  shall  apply  to  him  for  that  purpose,  and  on  his  tendering  the  value  of  the  same, 
with  a  sample  sufficient  for  the  purpose  of  analysis  of  any  article  which  is  included 
in  this  act,  and  which  is  in  the  possession  of  the  person  selling,  under  a  penalty  not 
exceeding  $50  for  a  first  offense  and  $100  for  a  second  and  subsequent  offense. 

7.  Any  violation  of  the  provisions  of  this  act  shall  be  treated  and  punished  as  a  mis- 
demeanor; and  whoever  shall  impede,  obstruct,  hinder,  or  otherwise  prevent  any 
analyst,  inspector,  or  prosecuting  officer  in  the  performance  of  his  duty  shall  be 
guilty  of  a  misdemeanor,  and  shall  be  liable  to  indictment  and  punishment  therefor. 

8.  Any  acts  or  parts  of  acts  inconsistent  with  the  provisions  of  this  act  are  hereby 
repealed. 

9.  All  the  regulations  and  declarations  of  the  State  board  of  health  made  under 
this  act  from  time  to  time,  and  promulgated,  shall  be  printed  in  the  statutes  at 
large. 

10.  This  act  shall  take  effect  at  the  expiration  of  ninety  days  after  it  shall  become 
a  law. 

Amendment  of  April  29, 1885. 

Section  1.  The  title  of  chapter  407  of  the  laws  of  1881,  entitled  "An  act  to  prevent 
the  gjdulteration  of  food  and  drugs,"  is  hereby  amended  tQ  read,  as  follows:  "An.  9>ot 
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to  prevent  the  adulteration  of  food,  drugs,  and  spirituous,  fermented,  or  malt  liquors 
in  the  State  of  New  York." 

#  *  jf  *  #  *  * 
3.  Section  2  is  hereby  amended  to  read  as  follows : 

"  2.  The  term  food  as  used  in  this  act  shall  include  every  article  of  food  or  drink  by 
man,  including  teas,  coffees,  and  spirituous,  fermented,  and  malt  liquors.  The  term 
drug  as  used  in  this  act  shall  include  all  medicines  for  internal  or  external  use." 

#  *  *  *  *  *  # 
5.  Section  5  is  hereby  amended  to  read  as  follows  : 

''  5.  The  State  board  of  health  shall  take  cognizance  of  the  interests  of  the  public 
health  as  relates  to  the  sale  of  food,  drugs,  spirituous,  fermented,  and  malt  liquors, 
and  the  adulteration  thereof,  and  make  all  necessary  inquiries  relating  thereto.  It 
shall  have  the  supervision  of  the  appointment  of  public  analysts  and  chemists,  and 
upon  its  recommendation,  whenever  it  shall  deem  any  such  officers  incompetent,  the 
appointment  of  any  and  every  such  officer  shall  be  revoked  and  be  held  to  be  void  and 
of  no  effect.  Within  thirty  days  after  the  passage  of  this  act,  and  from  time  to  time 
thereafter  as  it  may  deem  expedient,  the  said  board  of  health  shall  meet  and  adopt  such 
measures,  not  provided  for  by  this  act,  as  may  seem  necessary  to  facilitate  the  en- 
forcement of  this  act,  and  for  the  purpose  of  making  an  examination  or  analysis  of 
spirituous,  fermented,  or  malt  liquors  sold  or  exposed  for  sale  in  any  store  or  place  of 
business  not  herein  otherwise  provided  for,  and  prepare  rules  and  regulations  with 
regard  to  the  proper  methods  of  collecting  and  examining  articles  of  food,  drugs, 
spirituous,  fermented,  or  malt  liquors,  and  for  the  appointment  of  the  necessary  in- 
spectors and  analysts.  The  said  board  shall  at  least  once  in  the  calendar  year  cause 
samples  to  be  procured,  in  public  market  or  otherwise,  of  the  spirituous,  fermented,  or 
malt  liquors  distilled,  brewed,  manufactured,  or  offered  for  sale  in  each  and  every 
brewery  or  distillery  located  in  this  State,  and  a  test,  sample,  or  analysis  thereof  to  be 
made  by  a  chemist  or  analyist  duly  appointed  by  said  board  of  health.  The  samples . 
shall  be  kept  in  vessels  and  in  a  condition  necessary  and  adequate  to  obtain  a  proper 
test  and  analysis  of  the  liquors  contained  therein.  The  vessels  containing  such  sam- 
ples shall  be  properly  labeled  and  numbered  by  the  secretary  of  said  board  of  health, 
who  shall  also  prepare  and  keep  an  accurate  and  proper  list  of  the  names  of  the  dis- 
tillers, brewers,  or  vendors,  and  opposite  each  name  shall  appear  the  number  which 
is  written  or  printed  upon  the  label  attached  to  the  vessel  containing  the  sample  of 
the  liquor  manufactured,  brewed,  distilled,  or  sold.  Such  lists,  numbers,  and  labels 
shall  be  exclusively  for  the  information  of  the  said  board  of  health,  and  shall  not  be 
disclosed  or  published  unless  upon  discovery  of  some  deleterious  substance  prior  to 
the  completion  of  the  analysis,  except  when  required  in  evidence  in  a  court  of  justice. 
The  samples  when  listed  and  numbered  shall  be  delivered  to  the  chemist,  analyst,  ox 
other  officer  of  said  board  of  health,  and  shall  be  designated  and-kno  wn  to  such  chemist, 
analyst,  or  officer  only  by  its  number,  and  by  no  other  mark  or  designation.  The  re- 
sult of  the  analysis  or  investigation  shall  thereupon,  and  within  a  convenient  time, 
be  reported  by  the  officer  conducting  the  same  to  the  secretary  of  said  State  board  of 
health,  setting  forth  explicitly  the  nature  of  any  deleterious  substance,  compound,  or 
adulteration  which  may  be  detrimental  to  public  health  and  which  has  been  found 
upon  analysis  in  such  samples,  and  stating  the  number  of  the  samples  in  which  said 
substance  was  found.  Upon  such  examination  or  analysis  the  brewer,  distiller,  or 
vendor  in  whose  sample  of  spirituous,  fermented,  or  malt  liquor  such  deleterious  sub- 
stances, compounds,  or  adulterations  shall  be  found,  shall  be  deemed  to  have  violated 
the  provisions  of  this  act,  and  shall  be  punishable  as  prescribed  in  section  7  of  this 

act." 

#  #  *  *  #  *  * 

7.  Section  7  of  said  chapter  407  of  the  laws  of  1881  is  hereby  amended  to  read  as 
follows  : 

"  7.  Upon  discovering  that  any  person  has  violated  any  of  the  provisions  of  this  act, 
the  State  board  of  health  shall  immediately  communicate  the  facts  to  the  district  at- 

22823— Bull.  13,  pt.  2 8 
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torney  of  the  county  in  which  the  person  accused  of  such  violation  resides  or  carries 
on  business,  and  the  said  district  attorney,  upon  receiving  such  communication  or 
notification,  shall  forthwith  commence  proceeding  for  indictment  and  trial  of  the  ac- 
cused as  prescribed  by  law  in  cases  of  misdemeanor." 

8.  The  State  board  of  health  shall  be  authorized  to  expend,  in  addition  to  the  sums 
already  appropriated  for  said  board,  an  amount  not  exceeding  §3,000,  for  the  purpose 
of  carrying  out  the  provisions  of  this  act,  in  relation  to  spirituous,  fermented,  or  malt 
liquors.  And  the  sum  of  $3,000  is  hereby  appropriated  out  of  any  moneys  in  the  treas- 
ury not  otherwise  appropriated  and  expended  for  the  purposes  of  this  act. 

9.  This  act  shall  take  effect  immediately. 

The  IN'ew  Jersey  general  law  is  the  same  as  that  of  New  York. 

Following  are  the  rules  of  the  New  Jersey  board  of  health  for  its  inspectors  and 
analysts : 

DUTIES   OF  INSPECTORS. 

1.  The  inspector  is  to  buy  samples  of  food  or  drugs,  and  to  seal  each  sample  in  the 
presence  of  a  witness. 

2.  The  inspector  must  affix  to  each  sample  a  label  bearing  a  number,  his  initials? 
and  the  date  of  purchase. 

3.  Under  no  circumstance  is  the  inspector  to  inform  the  analyst  as  to  the  source  of 
the  sample  before  the  analysis  shall  have  been  completed  and  formally  reported  to 
the  president  or  secretary  of  the  state  board  of  health. 

4.  Inspectors  are  to  keep  a  record  of  each  sample  as  follows  : 

(1)  Number  of  sample. 

(2)  Date  and  time  of  purchase. 

(3)  Name  of  witness  to  sealing. 

(4)  Name  and  address  of  seller. 

(5)  Name  and  address  of  producer,  manufacturer,  or  wholesaler,  when  known, 

with  marks  on  original  package. 

(6)  Name  of  analyst  and  date  of  sending. 

(7)  How  sent  to  analyst. 

5.  If  the  seller  desires  a  portion  of  the  sample,  the  inspector  is  to  deliver  it  under 
seal.  The  duplicate  sample  left  with  seller  should  have  a  label  containing  the  same 
marks  as  are  affixed  to  the  portion  taken  by  the  inspector. 

6.  The  inspector  is  to  deliver  the  sample  to  the  analyst,  taking  his  receipt  for  the 
same,  or  he  may  send  it  by  registered  mail,  express,  or  special  messenger. 

DUTIES   or  THE   ANALYSTS. 

1.  The  analyst  is  to  analyze  the  samples  immediately  upon  receipt  thereof. 

2.  Samples,  with  the  exception  of  milk  and  similar  perishable  articles,  are  to  be  di- 
vided by  the  analyst  and  a  portion  sealed  up,  and  a  copy  of  the  original  label  affixed. 
These  duplicates  are  to  be  sent  to  the  secretary  of  the  state  board  of  health  at  the 
end  of  each  month,  and  to  be  retained  by  him  until  demanded  for  another  analysis, 
as  provided  for  in  section  3  of  these  rules. 

3.  Should  the  result  obtained  by  any  analyst  be  disputed  in  any  case,  an  appeal  may 
be  made  to  the  State  board  of  health,  through  its  secretary,  by  the  defendant  or  per- 
son selling  the  sample,  or  his  attorney,  and  said  secretary  shall  then  require  another 
member  of  the  committee  of  public  analysts  to  repeat  the  analysis,  using  the  dupli- 
cate sample  for  such  purpose.  But  when  an  appeal  shall  be  made,  a  sum  of  money 
sufficient  to  cover  the  expenses  of  the  second  analysis  shall  be  deposited  with  the 
president  of  the  state  board  of  health,  which  sum  shall  be  paid  over  to  the  analyst 
designated  by  the  J)resident  and  secretary  of  the  board  to  perform  the  second  analy- 
sis, in  case  the  analysis  shall  be  found  to  agree  with  the  first  in  all  essential  particu- 
lars. 
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4.  In  the  case  of  all  articles  having  a  standard  of  purity  fixed  by  any  of  the  laws 
of  the  State,  the  certificate  of  the  analyst  should  show  the  relation  of  the  article  in 
question  to  that  standard. 

5.  Where  standards  of  strength,  purity,  or  quality  are  not  fixed  by  law,  the  com- 
mittee of  analysts  shall  present  to  the  State  board  of  health  such  standard  as  in 
their  judgment  should  be  fixed. 

6.  Each  analyst  should  keep  a  record  book,  in  which  should  be  entered  notes,  as 
follows : 

(1)  From  whom  the  sample  is  received. 

(2)  Date,  time,  and  manner  in  which  the  sample  was  received. 

(3)  Marks  on  package,  sealed  or  not. 

(4)  Results  of  analysis  in  detail. 

This  record  should  be  i^roduced  at  each  meeting  of  the  committee. 

7.  At  the  completion  of  the  analysis  a  certificate  in  the  form  given  below  should  be 
forwarded  to  the  person  from  whom  the  sample  was  received,  and  a  duplicate  copy 
sent  to  the  State  board  of  health. 

CEETIFICATE. 

To  whom  it  may  concern  : 

I, ,  a  member  of  the  committee  of  public  analysts,  appointed  by  the  State 

board  of  health  of  New  Jersey  under  provisions  of  an  act  entitled  "An  act  to  prevent 
the  adulteration  of  food  and  drugs,"  approved  March   25,  1881,  do  hereby  certify 

that  I  received  from ,  on  the day  of ,  188-,  a  sample  of ,  sealed 

as  required  by  the  rules  of  saidboard,  and  bearing  the  following  words,  to  wit : 

I  carefully  mixed  said  samples  and  have  analyzed  the  same,  and  hereby  certify  and 

declare  the  results  of  my  analyses  to  be  as  follows:  . 

[Signature.] . 

EXCEPTIONS. 

The  following  exceptions  are  adopted  : 

Mustard. — Compounds  of  mustard  with  rice  flour,  starch,  or  flour  may  be  sold  if 
each  package  is  marked  "  Compound  Mustard,"  and  if  not  more  than  25  per  cent,  of 
such  substance  is  added  to  the  mustard. 

Coffee. — Compounds  of  coffee  with  chicory,  rye,  wheat,  or  other  cereals,  may  be 
sold  if  the  package  is  marked  "  A  Mixture,"  and  if  the  label  states  the  per  cent,  of 
coffee  contained  in  said  mixture. 

Oleomargarine  and  other  imitation  dairy  products  may  be  sold  if  each  package  is 
marked  with  the  name  of  the  substance,  and  in  all  respects  fulfils  the  terms  of  the 
special  law  as  to  these. 

Sirvvs. — When  mixed  with  glucose,  sirup  may  be  sold  if  the  package  is  marked 
''A  Mixture." 

The  followlDg  are  the  statutes  of  the  State  of  Massachusetts  relating 
to  the  adulteration  of  food  and  drugs  : 

General  Laws  relating  to  Adulteration. 

food  and  drugs. 

Section  1.  No  person  shall,  within  this  Commonwealth,  manufacture  for  sale,  offer 
for  sale,  or  sell  any  drug  or  article  of  food  which  is  adulterated  within  the  meaning 
of  this  act. 

2.  The  term  "  drug"  as  used  in  this  act  shall  include  all  medicines  for  internal  or 
external  use,  antiseptics,  disinfectants,  and  cosmetics.  The  term  "food"  asusedterein 
shall  include  all  articles  used  for  food  or  drink  by  man. 

3.  An  article  shall  be  deemed  to  be  adulterated  within  the  meaning  of  this  act— 
(a)  In  the  case  of  drugs. — (1)  If,  when  sold  under  or  by  a  name  recognized  in  the 

United  States  Pharmacopoeia,  it  differs  from  the  standard  of  strength,  quality,  or 
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purity  laid  down  therein,  unless  the  order  calls  for  an  article  inferior  to  such  stand- 
ard, or  unless  such  diftereuce  is  made  known  or  so  appears  to  the  purchaser  at  the 
time  of  such  sale:  (2)  if,  when  sold  under  or  by  a  name  not  recognized  in  the  United 
States  Pharmacopoeia;  hut  which  is  found  in  some  other  pharmacopceia,  or  other 
standard  work  on  materia  medica,  it  differs  materially  from  the  standard  of  strength, 
quality,  or  purity  laid  down  in  such  work ;  (3)  if  its  strength  or  purity  falls  below 
the  professed  standard  under  which  it  is  sold. 

(Z))  In  the  case  of  food. — (1)  If  any  substance  or  substances  have  been  mixed  with  it 
so  as  to  reduce,  or  lower,  or  injuriously  affect  its  quality  or  strength;  (2)  if  any  in- 
ferior or  cheaper  substance  or  substances  have  been  substituted  wholly  or  in  part  for 
it;  (3)  if  any  valuable  constituent  has  been  wholly  or  in  part  abstracted  from  it ;  (4) 
if  it  is  an  imitation  of  or  is  sold  under  the  name  of  another  article ;  (5)  if  it  consists 
wholly  or  in  part  of  a  diseased,  decomposed,  putrid,  or  rotten  animal  or  vegetable 
substance,  whether  manufactured  or  not,  or  in  the  case  of  milk,  if  it  is  the  produce  of 
a  diseased  animal;  (6)  if  it  is  colored,  coated,  polished,  or  powdered,  whereby  dam- 
age is  concealed,  or  if  it  is  made  to  appear  better  or  of  greater  value  than  it  really  is; 
(7)  if  it  contains  any  added  or  poisonous  ingredient,  or  any  ingredient  which  may 
render  it  injurious  to  the  health  of  a  person  consuming  it. 

4.  The  provisions  of  this  act  shall  not  apply  to  mixtures  or  compounds  recognized 
as  ordinary  articles  of  food  or  drinks,  provided  that  the  same  are  not  injurious  to 
health  and  are  distinctly  labeled  as  mixtures  or  compounds.  And  no  prosecutions 
shall  at  any  time  be  maintained  under  the  said  act  concerning  any  drug  the  standard 
of  strength  or  purity  whereof  has  been  raised  since  the  issue  of  the  last  edition  of  the 
United  States  Pharmacopoeia,  unless  and  until  such  change  of  standard  has  been 
published  throughout  the  Commonwealth. 

5.  The  State  board  of  health,  lunacy,  and  charity  shall  take  cognizance  of  the  in- 
terests of  the  public  health  relating  to  the  sale  of  drugs  and  food  and  the  adulteration 
of  the  same,  and  shall  make  all  necessary  investigations  and  inquiries  in  reference 
thereto,  and  for  these  purposes  may  appoint  inspectors,  analysts,  and  chemists,  who 
shall  be  subject  to  its  supervision  and  removal. 

Within  thirty  days  after  the  passage  of  this  act  the  said  board  shall  adopt  such 
measures  as  it  may  deem  necessary  to  facilitate  the  enforcement  hereof,  and  shall 
prepare  rules  and  regulations  with  regard  to  the  proper  methods  of  collecting  and 
examining  drugs  and  articles  of  food.  Said  board  may  expend  annually  an  amount 
not  exceeding  ten  thousand  dollars  for  the  purpose  of  carrying  out  the  provisions  of 
this  act :  Provided,  however,  That  not  less  than  three-fifths  of  the  said  amount  shall  be 
annually  expended  for  the  enforcement  of  the  laws  against  the  adulteration  of  milk 
and  milk  products. 

6.  Every  person  offering  or  exposing  for  sale,  or  delivering  to  a  purchaser,  any 
drug  or  article  of  food  included  in  the  provisions  of  this  act,  shall  furnish  to  any 
analyst  or  other  officer  or  agent  appointed  hereunder,  who  shall  apply  to  him  for  the 
purpose  and  shall  tender  him  the  value  of  the  same,  a  sample  sufficient  for  the  pur- 
pose of  the  analysis  of  any  such  drug  or  article  of  food  which  is  in  his  possession. 

7.  Whoever  hinders,  obstructs,  or  in  any  way  interferes  with  any  inspector,  analyst, 
or  other  officer  appointed  hereunder,  in  the  performance  of  his  duty,  and  whoever 
violates  any  of  the  provisions  of  this  act,  shall  be  punished  by  a  fine  not  exceeding 
fifty  dollars  for  the  first  offense,  and  not  exceeding  one  hundred  dollars  for  each  sub- 
sequent offense. 

8.  The  State  board  of  health,  lunacy,  and  charity  shall  report  annually  to  the 
legislature  the  number  of  prosecutions  made  under  said  chapter,  and  an  itemized 
account  of  all  money  expended  in  carrying  out  the  provisions  thereof. 

9.  An  inspector  appointed  under  the  provisions  of  said  chapter  two  hundred  and 
sixty-three  of  the  acts  of  the  year  eighteen  hundred  and  eighty-two  shall  have  the 
same  powers  and  authority  conferred  upon  a  city  or  town  inspector  by  section  two 
of  chapter  fifty-seven  of  the  public  statutes. 
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10.  Nothing  contained  in  chapter  two  hundred  and  sixty-thrse  of  the  acts  of  the 
year  eighteen  hundred  and  eighty-two  shall  be  in  any  way  construed  as  repealing  or 
amending  anything  contained  in  chapter  fifty-seven  of  the  public  statutes. 

11.  Before  commencing  the  analysis  of  any  sample,  the  person  making  the  same 
shall  reserve  a  portion  which  shall  be  sealed ;  and  in  case  of  a  complaint  against  any 
person  the  reserved  portion  of  the  sample  alleged  to  be  adulterated  shall  upon  appli- 
cation be  delivered  to  the  defendant  or  his  attorney. 

12.  Whoever  knowingly  sells  any  kind  of  diseased,  corrui)ted,  or  unwholesome  pro 
visions,  whether  for  meat  or  drink,  without  making  the  same  fully  known  to  the 
buyer,  shall  be  punished  by  imprisonment  in  the  jail  not  exceeding  six  months,  or  by 
fine  not  exceeding  two  hundred  dollars. 

13.  Whoever  fraudulently  adulterates,  for  the  purpose  of  sale,  bread  or  any  other 
substance  intended  for  food,  with  any  substance  injurious  to  health,  or  knowingly 
barters,  gives  away,  sells,  or  has  in  possession  with  intent  to  sell,  any  substance  in- 
tended for  food,  which  has  been  adulterated  with  any  substance  injurious  to  health, 
shall  be  punished  by  imprisonment  in  the  jail  not  exceeding  one  year,  or  by  fine  not 
exceeding  three  hundred  dollars ;  and  the  articles  so  adulterated  shall  be  forfeited 
and  destroyed  under  the  direction  of  the  court. 

14.  Whoever  adulterates,  for  the  i)urpose  of  sale,  any  liquors  used  or  intended  for 
drink,  with  Indian  cockle,  vitriol,  grains  of  paradise,  opium,  alum,  capsicum,  cop- 
peras, laurel-water,  logwood.  Brazilwood,  cochineal,  sugar  of  lead,  or  any  other  sub- 
stance which  is  poisonous  or  injurious  to  health,  and  whoever  knowingly  sells  any 
such  liquor  so  adulterated,  shall  be  punished  by  imprisonment  in  the  State  prison 
not  exceeding  three  years  ;  and  the  articles  so  adulterated  shall  be  forfeited. 

15.  Whoever  fraudulently  adulterates,  for  the  purpose  of  sale,  any  drug  or  medi- 
cine, or  sells  any  fraudulently  adulterated  drug  or  medicine,  knowing  the  same  to  be 
adulterated,  shall  be  punished  by  imprisonment  in  the  jail  not  exceeding  one  year  or 
by  fine  not  exceeding  four  hundred  dollars;  and  such  adulterated  drugs  and  medi- 
cines shall  be  forfeited  and  destroyed  under  the  direction  of  the  court. 

16.  Whoever  sells  arsenic,  strychnine,  corrosive  sublimate,  or  prussic  acid,  without 
the  written  prescription  of  a  physician,  shall  keep  a  record  of  the  date  of  such  sale, 
the  name  of  the  article,  the  amount  thereof  sold,  and  the  name  of  the  person  or  per- 
sons to  whom  delivered;  and  for  each  neglect  shall  forfeit  a  sum  not  exceeding  fifty 
dollars.  Whoever  purchases  deadly  poisons  as  aforesaid,  and  gives  a  false  or  fictitious 
name  to  the  vendor,  shall  be  punished  by  fine  not  exceeding  fifty  dollars. 

Chap.  171.— AIN"  ACT  concerntag  the  adulteration  of  food  and  drugs. 

Be  it  enacted,  etc.,  as  follows  : 

Section  two  of  chapter  two  hundred  and  sixty-three  of  the  acts  of  the  year  eight- 
een hundred  and  eighty-two  is  hereby  amended  so  as  to  read  as  follows :  The  term 
"drug  "  as  used  in  this  act  shall  include  all  medicines  for  internal  or  external  use,  an- 
tiseptics, disinfectants,  and  cosmetics.  The  term  ''food"  as  used  herein  shall  in- 
clude confectionery,  condiments,  and  all  articles  used  for  food  or  drink  by  man. — 
Approved  April  29,  1886. 

RULES  AND  REGULATIONS  OF  THE  STATE  BOARD  OF  HEALTH,  LUNACY,  AND  CHARITY 
OF  MASSACHUSETTS  RELATIVE  TO  THE  INSPECTION  AND  ANALYSIS  OF  FOOD  AND 
DRUGS. 

1.  The  state  board  of  health,  lunacy,  and  charity  shall  appoint  analysts  and  in- 
spectors, as  provided  in  section  5  of  chapter  263,  acts  of  1882. 

2.  It  shall  be  the  duty  of  the  inspectors  to  procure  samples  of  drugs  and  articles  of 
food  at  such  times  and  places  as  the  health  officer  shall  direct,  in  the  manner  provided 
in  section  6  of  chapter  263  of  the  acts  of  1882,  and  in  section  3  of  chapter  289  of  the 
IMJts  of  1884,  and  in  all  acts  amendatory  of  said  provisions. 
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3.  IJDder  the  direction  of  the  health  officer,  one  of  the  inspectors  shall,  for  the 
identification  of  samples,  affix  a  number  to  each  sample  of  food  or  drugs  obtained  by 
him,  beginning  with  number  one,  and  taking  every  alternate  or  odd  number  there- 
after, without  limit;  and  the  other  inspector  shall  use  and  affix  each  alternate  or 
even  number,  beginning  with  number  two,  and  following  such  form  of  numbering, 
without  limit,  also,  as  far  as  may  be  directed.  Under  no  circumstances  shall  an  in- 
spector convey  any  information  to  an  analyst  as  to  the  source  from  which  any  sample 
was  obtained. 

4.  The  inspectors  shall  keep  records  of  each  sample,  each  record  to  include  the 
following  items  : 

(a)  The  inspector's  number. 

(ft)  The  date  of  purchase  or  receipt  of  sample. 

(c)  The  character  of  the  sample. 

(d)  The  name  of  the  vender. 

{e)  The  name  of  the  city  or  town  and  street  and  number  where  the  sample  is  ob- 
tained, and  in  the  case  of  a  licensed  milk  peddler,  the  number  of  his  license. 

(/)  As  far  as  possible,  the  names  of  manufacturers,  producers,  or  wholesalers,  with 
marks,  brands,  or  labels  stamped  or  printed  upon  goods. 

5.  It  shall  be  the  duty  of  the  analysts  so  appointed  to  determine,  under  the  direc- 
tion of  the  health  officer,  by  proper  examination  and  analysis,  whether  articles  of 
food  and  drugs,  manufactured  for  sale,  offered  for  sale,  or  sold  within  this  Common- 
Avealth,  are  adulterated  within  the  meaning  of  chapter  263  of  the  acts  and  resolves 
passed  by  the  general  court  of  Massachusetts  in  1882,  and  all  acts  amendatory  thereof, 
adulteration  being  defined  as  follows,  viz  : 

In  the  case  of  drugs,  (1)  If  sold  under  or  by  a  name  recognized  in  the  United  States 
Pharmacopoeia,  it  diifers  from  the  standard  of  strength,  quality,  or  purity  laid  down 
therein,  unless  the  order  calls  for  an  article  inferior  to  such  standard,  or  unless  such 
difference  is  made  known  or  so  appears  to  the  purchaser  at  the  time  of  such  sale.  (2) 
If,  when  sold  under  or  by  a  name  not  recognized  in  the  United  States  Pharmacpoeia, 
but  which  is  found  in  some  other  pharmacopoeia  or  standard  work  on  materia  medica, 
it  differs  materially  from  the  standard  of  strength,  quality,  or  purity  laid  down  in 
such  work.  (3)  If  its  strength  or  purity  falls  below  the  professed  standard  under 
which  it  is  sold. 

In  the  case  of  food,  (1)  If  any  substance  or  substances  have  been  mixed  with  it,  so 
as  to  reduce  or  lower  or  injuriously  affect  its  quality  or  strength.  (2)  If  any  inferior 
or  cheaper  substance  or  substances  have  been  substituted,  wholly  or  in  part,  for  it. 
(3)  If  any  valuable  constituent  has  been  wholly  or  in  part  abstracted  from  it.  (4) 
If  it  is  an  imitation  of  or  is  sold  under  the  name  of  another  article.  (5)  If  it  con- 
sists wholly  or  in  part  of  adiseavsed,  decomposed,  putrid,  or  rotten  animal  or  vegeta- 
ble substance,  whether  manufactured  or  not,  or  in  the  case  of  milk,  if  it  is  the  prod- 
uce of  a  diseased  animal.  (6)  If  it  is  colored,  coated,  polished,  or  powdered,  where- 
by damage  is  concealed,  or  if  it  is  made  to  appear  of  better  or  of  greater  value  than  it 
really  is.  (7)  If  it  contains  any  added  poisonous  ingredient,  or  any  ingredient  which 
may  render  it  injurious  to  the  health  of  the  person  consuming  it. 

6.  It  shall  also  be  the  duty  of  the  analysts  to  receive  such  specimens  of  food  and 
drugs  for  analysis  as  may  be  delivered  to  them  by  the  health  officer,  or  by  the  inspect- 
ors, and  to  examine  the  same.  To  avoid,  as  far  as  possible,  all  suggestion  or  danger 
of  specimens  having  been  tampered  with,  each  analyst  shall  keep  each  specimen  in 
his  possession  in  a  suitable  and  secure  place,  labeled  in  such  a  manner  as  to  prevent 
any  person  from  having  access  to  the  same,  without  the  knowledge  and  presence  of 
the  analyst. 

Analyses  of  perishable  articles  should  be  made  promptly  after  they  are  received. 

7.  An  analyst  shall  give  no  information,  under  any  circumstances,  regarding  the 
result  of  any  analysis  to  any  person  except  to  the  health  officer  of  the  board,  prior  to 
any  trial  in  court  in  reference  to  such  analysis. 
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The  analysts  shall  carefully  avoid  auy  error  regarding  the  inspector's  number  at- 
tached to  each  sample,  and  shall  report  the  results  of  their  work  in  detail  to  the  health 
officer. 

In  the  case  of  all  articles  having  a  numerical  standard  provided  by  statute,  the  re- 
sult of  the  aualysis  should  show  their  relation  to  such  standard. 

8.  Before  beginning  the  analysis  of  any  sample,  the  analyst  shall  reserve  a  portion^ 
which  shall  be  sealed,  and  in  the  event  of  finding  the  portion  analyzed  to  be  adulter- 
ated, he  shall  preserve  the  sealed  portion,  so  that  in  case  of  a  complaint  against  any 
person  the  last-named  portion  may,  on  application,  be  delivered  by  the  health  officer 
to  the  defendant  or  to  his  attorney. 

9.  Each  analyst  shall  present  to  the  health  officer  on  the  Thursday  before  the  first 
Saturday  of  each  month,  a  summary  of  the  analyses  made  by  him  during  the  x^revious 
month. 

Each  analyst  shall  also  present,  on  or  before  the  first  of  January  of  each  year,  an 
annual  report  of  the  work  done  for  the  year  ending  on  the  30th  of  September  pre- 
ceding. 

10.  The  health  officer  shall  have  charge  of  the  reports  of  analyses,  and  shall  cause 
cases  founded  on  such  reports  to  be  submitted  to  the  courts  for  prosecution. 

In  each  case  of  a  retailer,  and  of  every  dealer  not  a  manufacturer  or  producer,  he 
may,  if  the  party  has  not  been  previously  complained  of  in  court,  issue  a  notice  or 
warning  of  any  violation  of  the  law  relative  to  the  adulteration  of  food  and  drugs, 
and  of  the  oflender's  liability  to  prosecution  on  a  repetition  of  the  sale. 

11.  Should  the  result  obtained  by  any  analyst  be  questioned  in  any  given  case,  an- 
other analyst  shall  repeat  the  analysis,  unless  otherwise  instructed  by  the  board,  pro- 
vided a  sufficient  sum  to  meet  the  expense  of  the  analysis  be  deposited  with  the 
health  officer  by  any  interested  party  feeling  aggrieved,  which  sum  will  not  be  re- 
turned unless  the  second  analysis  fails  to  confirm  the  first  in  essential  particulars. 

12.  Any  appeal  from  the  decision  of  an  analyst  shall  be  filed  with  the  health  offi- 
cer, who  shall  report  it,  and  any  matter  in  controversy,  to  the  board,  giving  his  judg- 
ment thereon,  and  the  board  shall  supervise  and  control  the  action  of  its  officers,  in 
executing  the  law. 

13.  Where  standards  of  strength,  quality,  or  purity  are  not  fixed  by  the  act,  the 
analysts  shall  present  to  the  health  officer  such  standard  as  in  their  judgment  should 
be  fixed,  and  the  health  officer  shall  report  the  same  to  the  board  for  its  action.  The 
standards  set  by  the  British  Society  of  Public  Analysts  will  be  followed  as  nearly  as 
practicable,  until  otherwise  ordered. 

14.  Whenever  a  drug  or  preparation  not  described  in  a  National  Pharmacopoeia  or 
other  standard  work  on  materia  medica,  shall  be  manufactured,  offered  for  sale,  or 
used  in  this  State,  the  standard  of  such  drug,  and  the  standard  and  proportion  of  the 
ingredients  of  such  j^reparation,  and  the  range  of  variability  from  such  standard  or 
standards  shall  be  ascertained  by  the  analysts,  who  shall  report  the  same  through 
the  health  officer  to  the  board. 

15.  The  analysts  shall  occupy  such  time  in  the  performance  of  their  respective 
duties  as  a  reasonable  compliance  with  the  terms  of  the  statute  shall  require,  and 
shall  be  present  one  hour  of  each  day  at  such  time  of  the  day  and  at  such  place  as 
shall  be  designated  by  the  committee  on  health  of  the  board,  to  meet  the  conven- 
ience of  interested  parties  and  the  public. 

16.  The  compensation  of  the  analyst  of  articles  of  food  shall  be  at  the  rate  of 
$1,500  per  annum,  and  that  of  the  analyst  of  drugs  shall  be  at  the  rate  of  $1,000. 

That  of  the  analyst  of  milk  for  the  ten  eastern  counties  of  the  Commonwealth 
shall  be  at  the  rate  of  §8  ^0  per  annum,  and  that  of  the  analyst  of  the  four  western 
counties  shall  be  at  the  rate  of  $500  per  annum. 

The  compensation  of  each  inspector  shall  be  at  the  rate  of  ^1,000  per  annum. 
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The  laws  of  Michigan  are  as  follows : 

ADULTERATION   OF  FOODS,  DRINKS,  DRUGS,  OR   MEDICINES. 

208.  (7727.)  Sec.  2.  If  any  person  shall  fraudulently  adulterate,  for  the  purpose 
of  sale,  any  substance  intended  for  food,  or  any  wine,  spirits,  malt  liquor,  or  other 
liquor  intended  for  drinking,  he  shall  be  punished  by  imprisonment  in  the  county 
jail  not  more  than  one  year,  or  by  fine  not  exceeding  three  hundred  dollars,  and  the 
article  so  adulterated  shall  be  forfeited  and  destroyed. — §9317. 

209.  (7728.)  Sec.  3.  If  any  person  shall  fraudulently  adulterate,  for  the  purpose 
of  sale,  any  drug  or  medicine,  in  such  manner  as  to  render  the  same  injurious  to 
health,  he  shall  be  punished  by  imprisonment  in  the  county  jail  not  more  than  one 
year,  or  by  fine  not  exceeding  four  hundred  dollars,  and  such  adulterated  drugs  and 
medicines  shall  be  forfeited  and  destroyed. — §9318. 

adulteration    of     foods,    DRINKS,    AND    MEDICINES.    AND    SALE    THEREOF     WHEN 

ADULTERATED. 

Act  No.  254,  laws  of  3881,  entitled  "An  Act  to  prevent  and  punishthe  adulteration  of  articles  of 
food,  drink,  and  medicine,  and  the  sale  thereof  when  adulterated." 

210.  Section  1.  The  People  of  tlie  State  of  Michigan  enact,  That  no  person  shall 
mix,  color,  stain,  or  powder,  or  order  or  permit  any  other  person  to  mix,  color,  stain, 
or  powder  any  article  of  food  with  any  ingredient  or  material  so  as  to  render  the  ar- 
ticle injurious  to  health,  with  the  intent  that  the  same  may  be  sold  ;  and  no  person 
shall  knowingly  sell  or  offer  for  sale  any  such  article  so  mixed,  colored,  stained,  or 
powdered. — §9324. 

211.  Sec.  2.  No  person  shall,  except  for  the  purpose  of  compounding  in  the  nec- 
essary preparation  of  medicine,  mix,  color,  stain,  or  powder,  or  order  or  permit  any 
other  person  to  mix,  color,  stain,  or  powder,  any  drug  or  medicine  with  any  in- 
gredient or  ingredients  or  materials  so  as  to  affect  injuriously  the  quality  or  potency 
of  such  drug  or  medicine,  with  intent  to  sell  the  same,  or  shall  sell  or  offer  for  sale 
any  such  drug  or  medicine  so  mixed,  colored,  stained,  or  powdered. — §9325. 

212.  Sec.  3.  No  person  shall  mix,  color,  stain,  or  powder  any  article  of  food, 
drink,  or  medicine,  or  any  article  which  enters  into  the  composition  of  food,  drink, 
or  medicine,  with  any  other  ingredient  or  material,  whether  injurious  to  health  or 
not,  for  the  jiurpose  of  gain  or  profit,  or  sell  or  offer  the  same  for  sale,  or  order  or 
permit  any  other  person  to  sell  or  offer  for  sale  any  article  so  mixed,  colored,  stained, 
and  powdered,  unless  the  same  be  so  manufactured,  used,  or  sold,  or  offered  for  sale 
under  its  true  and  appropriate  name,  and  notice  that  the  same  is  mixed  or  impure  is 
marked,  printed,  or  stamped  upon  each  package,  roll,  parcel,  or  vessel  containing  the 
same,  so  as  to  be  and  remain  at  all  times  readily  visible,  or  unless  the  person  pur- 
chasing the  same  is  fully  informed  by  the  seller  of  the  true  name  and  ingredients  (if 
other  than  such  as  are  known  by  the  common  name  thereof)  of  such  article  of  food, 
drink,  or  medicine  at  the  time  of  making  sale  thereof  or  offering  to  sell  the  same. — 
$9326. 

213.  Sec.  4.  No  person  shall  mix  any  glucose  or  grape  sugar  with  syrup,  honey, 
or  sugar,  intended  for  human  food,  or  any  oleomargarine,  suine,  beef  fat,  lard,  or  any 
other  foreign  substance,  with  any  butter  or  cheese  intended  for  human  food,  or  shall 
mix  or  mingle  any  glucose  or  grape  sugar  or  oleomargarine  with  any  article  of  food, 
without  distinctly  marking,  stamping,  or  labeling  the  article,  or  the  package  contain, 
ing  the  same,  with  the  true  and  appropriate  name  of  such  article,  and  the  percentage 
in  which  glucose  or  grape  sugar,  oleomargarine,  or  suine,  enter  into  its  composition ; 
nor  shall  any  person  sell,  or  offer  for  sale,  or  order  or  permit  to  be  sold,  or  offered  for 
sale,  any  such  food  into  the  composition  of  which  glucose,  or  grape  sugar,  or  oleo- 
margarine, or  suine  has  entered,  without  at  the  same  time  informing  the  buyer  of  the 
fact,  and  the  proportions  in  which  such  glucose  or  grape  sugar,  oleomargarine,  or 
suine  has  entered  into  its  composition. — $9327. 
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214.  Sec.-  5.  Auy  person  convicted  of  violating  any  provision  of  any  of  the  forego 
ing  sections  of  this  act  shall  be  fined  not  more  than  fifty  dollars  or  imprisoned  in  the 
county  jail  not  exceeding  three  months. — ^93:28. 

215.  Sec.  6.  It  is  hereby  made  the  duty  of  the  prosecuting  attorneys  of  this  State  to 
appear  for  the  people  and  to  attend  to  the  prosecution  of  all  complaints  under  this 
act  in  all  the  courts  in  their  respective  counties. — ^9329. 

216.  Sec.  7.  All  acts  and  parts  of  acts  inconsistent  with  the  provisions  of  this  act 
are  hereby  repealed. — 'J  9330. 

The  Canadian  law  is  as  follows,  in  addition  to  which  there  is  an  elaborate  act  re- 
specting the  inspection  of  staple  articles  of  Canadian  produce: 

Chaptee  107. — An  Act  respecting  the  adulteration  of  food,  drugs,  and  agricultural  fertilizers. 

Her  Majesty,  hy  and  with  the  advice  and  consent  of  the  Senate  and  House  of  Com- 
mons of  Canada,  enacts  as  follows  : 

SHORT  TITLE. 

1.  This  act  may  be  cited  as  "T/<e  adulteration  act^ — 48-49  V.,  c.  67,  s.  1. 

INTERPRETATION. 

2.  In  this  act,  unless  the  context  otherwise  requires — 

(a)  The  expression  ''food  "  includes  every  article  used  for  food  or  drink  by  man  or 
by  cattle. 

(&)  The  expression  ''  drug  "  includes  all  medicines  for  internal  or  external  use  for 
man  or  for  cattle. 

(c)  The  expression  ''agricultural  fertilizer"  means  and  includes  every  substance 
imported,  manufactured,  prepared,  or  disposed  of  for  fertilizing  or  manuring  pur- 
poses which  is  sold  at  more  than  ten  dollars  per  ton  and  which  contains  phosphoric 
acid  or  ammonia  or  its  equivalent  of  nitrogen. 

{d)  The  expression  '*  officer"  means  any  officer  of  inland  revenue  or  any  person  au- 
thorized under  this  act  or  "  tlie  feriiUzers  act'^  to  procure  samples  of  articles  of  food, 
drugs,  or  agricultural  fertilizers  and  to  submit  them  for  analysis. 

(e)  Food  shall  be  deemed  to  be  "adulterated"  within  the  meaning  of  this  act — 

(1)  If  any  substance  has  been  mixed  with  it  so  as  to  reduce  or  lower  or  injuriously 
affect  its  quality  or  strength. 

(2)  If  any  inferior  or  cheaper  substance  has  been  substituted,  wholly  or  in  part,  for 
the  article. 

(3)  If  any  valuable  constituent  of  the  article  has  been  wholly  or  in  part  ab- 
stracted. 

(4)  If  it  is  an  imitation  of,  or  is  sold  under  the  name  of,  another  article. 

(5)  If  it  consists  wholly  or  in  part  of  a  diseased  or  decomposed  or  putrid  or  rotten 
animal  or  vegetable  substance,  whether  manufactured  or  not,  or,  in  the  case  of  milk 
or  butter,  if  it  is  the  x)roduce  of  a  diseased  animal  or  of  an  animal  fed  upon  unwhole- 
some food. 

(6)  If  it  contains  any  added  poisonous  ingredient  or  any  ingredient  which  may 
render  such  an  article  injurious  to  the  health  of  a  person  consuming  it. 

(/ )  Every  drug  shall  be  deemed  to  be  "  adulterated  "  within  the  meaning  of  this 
act — 

CI)  If,  when  sold  or  offered  or  exposed  for  sale  under  or  by  a  name  recognized  in 
the  British  or  United  States  pharmacopoeia,  it  differs  from  the  standard  of  strength, 
quality,  or  purity  laid  down  therein. 

(2)  If,  when  sold  or  offered  or  exposed  for  sale  under  or  by  a  name  not  recognized 
in  the  British  or  United  States  pharmacopoeia,  but  which  is  found  in  some  other  gen- 
erally recognized  pharmacopoeia  or  other  standard  work  on  materia  medica,  it  differs 
from  the  standard  of  strength,  quality,  or  purity  laid  down  in  such  work. 
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(3)  If  its  strength  or  purity  falls  below  the  professed  standard  under  which  it  is 
sold  or  oifered  or  exposed  for  sale. 

(g)  Provided,  that  the  foregoing  definitions  as  to  the  adulteration  of  food  and  drugs 
shall  not  apply — 

(1)  If  any  matter  or  ingredient  not  injurious  to  health  has  been  added  to  the  food 
or  drug  because  the  same  is  required  for  the  production  or  j)reparation  thereof  as  an 
article  of  commerce,  in  a  state  fit  for  carriage  or  consumption,  and  not  fraudulently 
to  increase  the  bulk,  weight,  or  measure  of  the  food  or  drug  or  to  conceal  the  inferior 
quality  thereof,  if  such  articles  are  distinctly  labeled  as  a  mixture,  in  conspicuous 
characters,  forming  an  inseparable  part  of  the  general  label,  which  shall  also  bear 
the  name  and  address  of  the  manufacturer. 

(2)  If  the  food  or  drug  is  a  proprietary  medicine,  or  is  the  subject  of  a  patent  in 
force,  and  is  supplied  in  the  state  required  by  the  specification  of  the  patent. 

(3)  If  the  food  or  drug  is  unavoidably  mixed  with  some  extraneous  matter  in  the 
process  of  collection  or  preparation. 

(4)  If  any  articles  of  food  not  injurious  to  the  health  of  the  person  consuming  the 
same  are  mixed  together  and  sold  or  offered  for  sale  as  a  compound,  and  if  such  ar- 
ticles are  distinctly  labeled  as  a  mixture,  in  conspicuous  characters,  forming  an  in- 
separable part  oi  the  general  label,  which  shall  also  bear  the  name  and  address  of 
the  manufacturer. 

(k)  Every  agricultural  fertilizer  shall  be  deemed  to  be  "adulterated"  within  the 
meaning  of  this  act  if,  when  sold,  offered,  or  exposed  for  sale,  the  chemical  analysis 
thereof  shows  a  deficiency  of  more  than  oue  per  cent,  of  any  of  the  chemical  sub- 
stances, the  percentages  whereof  are  required  to  be  specified  in  the  certificate,  by 
^'the  fertilizers  act''  required  to  be  affixed  to  each  barrel,  box,  sack,  or  package  con- 
taining the  same,  or  (if  the  agricultural  fertilizer  is  in  bulk)  to  be  produced  to  the  in- 
spector ;  or  if  it  contains  less  than  the  minimum  jjercentage  of  such  substances  re- 
quired by  the  said  act  to  be  contained  in  such  fertilizer.     48-49  V.,  c.  67,  s.  2. 

ANALYSIS. 

3.  The  governor  in  council  may  appoint  one  or  more  persons  possessing  competent 
medical,  chemical,  and  microscopical  knowledge  as  analysts  of  food,  drugs,  and  agri- 
cultural fertilizers  purchased,  sold,  or  exposed  or  offered  for  sale  within  such  terri- 
torial limits  as  are  assigned  to  each  of  them  respectively,  and  may  also  select  from 
among  the  aforesaid  analysts  so  appointed,  or  may  appoint,  in  addition  thereto,  a 
chief  analyst,  who  shall  be  attached  to  the  staff  of  the  department  of  inland  revenue 
at  Ottawa. 

(2)  No  analyst  shall  be  appointed  until  he  has  undergone  an  examination  before  a 
special  examining  board  appointed  by  the  governor  in  council,  and  until  he  has  ob- 
tained from  such  board  a  certificate  setting  forth  that  he  is  duly  qualified  to  perform 
the  duties  attached  to  the  office  of  analyst.     48-49  V.,  c.  67,  s.  3;  49  V.,  c.  41,  s.  1. 

4.  The  governor  in  council  may  cause  such  remuneration  to  be  paid  to  such  chief 
analyst  and  to  such  analysts  as  he  deems  proper,  and  such  remuneration,  whether  by 
fees,  or  salary,  or  partly  in  one  way,  and  partly  in  the  other,  may  be  paid  to  them  out 
of  any  sums  voted  by  Parliament  for  the  purposes  of  this  act.     48-49  V.,  c.  67,  s.  4. 

5.  The  officers  of  inland  revenue,  the  inspectors  and  deputy  inspectors  of  weights 
and  measures,  and  the  inspectors  and  deputy  inspectors  acting  under  "  the  general 
inspection  act,''  or  any  of  them,  shall,  when  required  so  to  do  by  any  regulation 
made  in  that  behalf  by  the  minister  of  inland  revenue,  procure  and  submit  samples 
of  food,  drugs,  or  agricultural  fertilizers  suspected  to  be  adulterated,  to  be  analyzed 
by  the  analysts  appointed  under  this  act.     48-49  V.,  c.  67,  s.  5. 

6.  The  council  of  any  city,  town,  county,  or  village  may  appoint  one  or  more  in- 
spectors of  food,  drugs,  and  agricultural  fertilizers;  and  such  inspectors  shall,  for  the 
purposes  of  this  act,  have  all  the  powers  by  this  act  vested  in  officers  of  inland  rev- 
enue ;  and  any  such  inspector  may  require  any  public  analyst  to  analyze  any  sam- 
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pies  of  food,  drugs,  or  agricultural  fertilizers  collected  by  liiiii,  if  such  samples  have 
been  collected  in  accordance  with  the  requirements  of  this  act. 

(2)  The  said  analyst  shall,  upon  tender  of  the  fees  fixed  for  the  analysis  of  snch 
class  of  articles  by  the  governor  in  council,  forthwith  analyze  the  same,  and  give  the 
inspector  a  certificate  of  such  analysis. 

(3)  Such  inspector  may  prosecute  any  person  manufacturing,  selling,  or  offering  or 
exposing  for  sale  within  the  city,  county,  town,  or  village  for  which  he  is  appointed 
inspector,  any  article  of  food,  drug,  or  agricultural  fertilizer  which  has  been  certified 
by  any  public  analyst  to  have  been  adulterated  within  the  meaning  of  this  act. 

(4)  Notwithstanding  any  other  provision  of  this  act  in  respect  of  the  disposition  of 
penalties,  all  penalties  imposed  and  recovered  at  the  suit  of  any  such  inspector  shall 
be  paid  into  the  revenue  of  the  city,  county,  town,  or  village  by  the  council  of  which 
such  inspector  was  appointed,  and  may  be  distributed  in  such  manner  as  the  council 
of  such  city,  county,  town,  or  village  by  by-law  directs.     48-49  V.,  c.  67,  s.  6. 

7.  Any  officer  may  procure  samples  of  food,  drugs,  or  agricultural  fertilizers  which 
have  not  been  declared  exempt  from  the  j^rovisions  of  this  act,  from  any  person  who 
has  such  articles  in  his  possession  for  the  purpose  of  sale,  or  who  sells  or  exposes  the 
same  for  sale ;  and  he  may  procure  such  samples  either  by  purchasing  the  same  or 
by  requiring  the  person  in  whose  possession  they  are  to  show  him  and  allow  him  to 
inspect  all  such  articles  in  his  possession,  and  the  place  or  places  in  which  such  arti- 
cles are  stored,  and  to  give  him  samples  of  such  articles,  on  payment  or  tender  of  the 
value  of  such  samples.     48-49  Y,,  c.  67,  s.  7. 

8.  If  the  person  who  has  such  articles  in  his  possession,  or  his  agent  or  servant,  re- 
fuses or  fails  to  admit  the  officer,  or  refuses  or  omits  to  show  all  or  any  of  the  said 
articles  in  his  possession,  or  the  place  in  which  any  such  articles  are  stored,  or  to 
permit  the  officers  to  inspect  the  same,  or  to  give  any  samples  thereof,  or  to  furnish 
the  officer  with  such  light  or  assistance  as  he  requires,  when  required  so  to  do  in 
pursuance  of  this  act,  he  shall  be  liable  to  the  same  penalty  as  if  he  knowingly  sold 
or  exposed  for  sale  adulterated  articles  knowing  them  to  be  adulterated.  48-49  V., 
c.  67,  s.  8. 

9.  The  officer  purchasing  any  article  with  the  intention  of  submitting  the  same  to 
be  analyzed,  shall,  after  the  purchase  has  been  completed,  forthwith  notify  the  seller 
or  his  agent  selling  the  article  of  his  intention  to  have  the  same  analyzed  by  the  pub- 
lic analyst,  and  shall,  except  in  specific  cases,  respecting  which  provision  is  made  by 
the  governor  in  council,  divide  the  article  into  three  parts — to  be  then  and  there  sepa- 
rated, and  each  part  to  be  marked  and  sealed  up,  as  its  nature  permits — and  shall 
deliver  one  of  the  i^arts  to  the  seller  or  his  agent,  if  required  by  him  so  to  do. 

(2)  He  shall  transmit  another  of  such  parts  to  the  minister  of  inland  revenue  for 
submission  to  the  chief  anaylist  in  case  of  appeal,  and  shall  submit  the  remaining 
part  to  the  analyst  for  the  district  within  which  the  samples  were  taken,  unless 
otherwise  directed  by  the  minister  of  inland  revenue.     48-49  Y.,  c.  67,  s.  9. 

10.  The  person  from  whom  any  sample  is  obtained  under  this  act  may  require  the 
officer  obtaining  it  to  annex  to  the  vessel  or  package  containing  the  part  of  the 
sample  which  he  is  hereby  required  to  transmit  to  the  minister  of  inland  revenue  the 
name  and  address  of  such  person,  and  to  secure,  with  a  seal  or  seals  belonging  to  him, 
the  vessel  or  package  containing  such  part  of  the  sample,  and  the  address  annexed 
thereto,  in  such  manner  that  the  vessel  or  package  cannot  be  opened,  or  the  name 
and  address  taken  off,  without  breaking  such  seals;  and  the  certificate  of  the  chief 
analyst  shall  state  the  name  and  address  of  the  person  from  whom  the  said  sample 
was  obtained,  that  the  vessel  or  package  was  not  open,  and  that  the  seals,  securing  to 
the  vessel  or  package  the  name  and  address  of  such  j)erson,  were  not  broken  until 
such  time  as  he  opened  the  vessel  or  package  for  the  purpose  of  making  his  analysis; 
and  in  such  case  no  certificate  shall  be  receivable  in  evidence,  unless  there  is  con- 
tained therein  such  statement  as  above,  or  a  statement  to  the  like  effect.  48-49  Y., 
c.67,s,10. 
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11.  When  the  officer  has,  by  either  of  the  means  aforesaid,  procured  samples  of  the 
articles  to  be  analyzed,  he  shall  cause  the  same  to  be  analyzed  by  one  of  the  analysts 
appointed  under  this  act,  and  if  it  appears  to  the  analyst  that  the  sample  is  adulte- 
rated within  the  meaning  of  this  act,  he  shall  certify  such  fact,  stating  in  such  cer- 
tificate, in  the  case  of  an  article  of  food  or  a  drug,  whether  such  adulteration  is  of  a 
nature  injurious  to  the  health  of  the  person  consuming  the  same;  and  the  certificate 
so  given  shall  be  received  as  evidence  in  any  proceedings  taken  against  any  person  in 
pursuance  of  this  act,  subject  to  the  right  of  any  person  against  whom  proceedings 
are  taken  to  require  the  attendance  of  the  analyst,  for  the  purpose  of  cross-examina- 
tion.   48-49  v.,  c.  67,  s.  11. 

12.  If  the  vendor  of  the  article  respecting  which  such  certificate  is  given  deems 
himself  aggrieved  thereby,  he  may,  within  forty-eight  hours  of  the  receipt  of  the  first 
notification  of  the  intention  of  the  officer  or  other  purchaser  to  take  proceedings 
against  him  (whether  such  notification  is  given  by  the  purchaser  or  by  the  ordinary 
process  of  law),  notify  the  said  officer  or  purchaser  in  writing  that  he  intends  to  ap- 
peal from  the  decision  of  the  analyst  to  the  judgment  of  the  chief  analyst :  and  in 
such  case  the  officer  or  purchaser  shall  transmit  such  notification  to  the  chief  analyst, 
and  the  chief  analyst  shall,  with  all  convenient  speed,  analyze  the  part  of  the  sample 
transmitted  to  the  minister  of  inland  revenue  for  that  purpose,  and  shall  report  there- 
on to  the  said  minister ;  and  the  decision  of  such  chief  analyst  shall  be  final,  and  his 
certificate  thereof  shall  have  the  same  effect  as  the  certificate  of  the  analyst  in  the 
next  preceding  section  mentioned.     48-49  V.,  c.  67,  s.  12. 

13.  Every  analyst  appointed  under  this  act  shall  report  quarterly  to  the  minister 
of  inland  revenue  the  number  of  articles  of  food,  drugs,  and  agricultural  fertilizers 
analyzed  by  him  under  this  act  during  the  preceding  quarter,  and  shall  specify  the 
nature  and  kind  of  adulterations  detected  in  such  articles  of  food,  drugs,  and  agricult- 
ural fertilizers ;  and  all  such  reports,  or  a  synopsis  of  them,  and  the  names  of  the 
vendors  or  persons  from  whom  obtained,  and  of  the  manufacturers  when  known,  shall 
be  printed  and  laid  before  Parliament  as  an  appendix  to  the  annual  report  of  the 
said  minister.     48-49  V,,  c.  67,  s.  13. 

ADULTERATION. 

14.  No  person  shall  manufacture,  expose  or  offer  for  sale,  or  sell  any  food,  drug,  or 
agricultural  fertilizer  which  is  adulterated  within  the  meaning  of  this  act.  48-49 
v.,  c.  67,  s.  14. 

15.  If  milk  is  sold,  or  offered  or  exposed  for  sale,  after  any  valuable  constituent  of 
the  article  has  been  abstracted  therefrom,  or  if  water  has  been  added  thereto,  or  if  it 
is  the  product  of  a  diseased  animal  fed  upon  unwholesome  food,  it  shall  be  deemed 
to  have  been  adulterated  in  a  manner  injurious  to  health,  and  such  sale,  offer,  or  ex- 
posure for  sale  shall  render  the  vendor  liable  to  the  penalty  hereinafter  provided  in 
respect  to  the  sale  of  adulterated  food ;  except  that  skimmed  milk  may  be  sold  as 
such  if  contained  in  cans  bearing  upon  their  exterior,  within  twelve  inches  of  the 
tops  of  such  vessels,  the  word  ''skimmed"  in  letters  of  not  less  than  two  inches  in 
length,  and  served  in  measures  also  similarly  marked;  but  any  person  supplying 
such  skimmed  milk,  unless  such  quality  of  milk  has  been  asked  for  by  the  purchaser, 
shall  not  be  entitled  to  plead  the  provisions  of  this  section  as  a  defense  to  or  in  ex- 
tenuation of  any  violation  of  this  act : 

(2)  Nothing  in  this  section  shall  be  interpreted  to  permit  or  warrant  the  admixtnre 
of  water  with  milk,  or  any  other  process  than  the  removal  of  cream  by  skimming. 
48-49V.,  c.  67,  s.  15. 

16.  Vinegar  sold,  or  offered  or  exposed  for  sale,  shall  be  deemed  to  be  adulterated 
in  a  manner  injurious  to  health  if  any  mineral  acid  has  been  added  thereto,  or  if  it 
contains  any  soluble  salt  having  copper  or  lead  as  a  base  thereof— whether  such  min- 
eral acid  or  salt  is  added  either  during  the  process  of  manufacture  or  subsequently. 
48-49V.,c.  67,  s.  16. 
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17.  Alcoholic,  fermented,  or  other  potable  liquors  sold,  or  offered  or  exposed  for  sale, 
shall  be  deemed  to  have  been  adulterated  iu  a  manner  injurious  to  health  if  they  are 
found  to  contain  any  of  the  articles  mentioned  in  the  schedule  of  this  act,  or  any 
article  hereafter  added  to  such  schedule  by  the  governor  in  council.  48-49  V.,  c.  67, 
8.17. 

18.  The  governor  in  council  may  from  time  to  time  declare  certain  articles  or  prepa- 
rations exempt  in  whole  or  in  part  from  the  provisions  of  this  act,  and  may  add  to  the 
schedule  to  this  act  any  article  or  ingredient  the  addition  of  which  is  by  him  deemed 
necessary  in  the  public  interest;  and  every  order  in  council  in  that  behalf  shall  be 
published  in  the  Canada  Gazette,  and  shall  take  eifect  at  the  expiration  of  thirty  days 
from  the  date  of  such  publication.     (48-49  V.,  c.  67   s   18.) 

19.  The  governor  in  council  shall  from  time  to  time  cause  to  be  prepared  and  pub- 
lished lists  of  the  articles,  mixtures,  or  compounds  declared  exempt  from  the  provis- 
ions of  this  act  in  accordance  with  the  next  preceding  section,  and  shall  also  from 
time  to  time  fix  thf  limits  of  variability  permissible  in  any  article  of  food  or  drug  or 
compound  the  standard  of  which  is  not  established  by  any  such  pharmacopoeia  or 
standard  work  as  is  hereinbefore  mentioned ;  and  the  orders  in  council  fixing  the  same 
shall  be  published  in  the  Canada  Gazette,  and  shall  take  effect  at  the  expiration  of 
thirty  days  after  the  publication  thereof.     (48-49  Y.,  c.  67,  s.  19.) 

20.  Whenever  any  article  of  foad,  any  drug,  or  any  agricultural  fertilizer  is  reported 
by  any  analyst  as  being  adulterated  within  the  'meaning  of  this  act,  the  minister  of 
inland  revenue  may,  if  be  thinks  fit,  order  such  article,  and  all  other  articles  of  the 
same  kind  and  quality  which  were  in  the  same  place  at  the  time  the  article  analyzed 
was  obtained,  to  be  seized  by  any  officer  of  customs  or  inland  revenue,  and  detained 
by  him  until  an  analysis  of  samples  of  the  whole  is  made  by  the  chief  analyst.  (48, 
49  V.,  c.  67,  s.  20.) 

21.  If  the  chief  analyst  reports  to  the  minister  of  inland  revenue  that  the  whole  or 
any  part  of  such  articles  are  adulterated,  the  minister  may  declare  such  articles,  or 
so  much  thereof  as  the  chief  analyst  reports  as  beiug  adulterated,  to  be  forfeited  to 
the  Crown  ;  and  such  articles  shall  thereupon  be  disposed  of  as  the  minister  directs. 
(48-49  v.,  c.  67,  s.  21. 

PENALTIES. 

22.  Every  person  who  willfully  adulterates  any  article  of  food  or  any  drug,  or  orders 
any  other  person  so  to  do,  shall-- 

(a)  If  such  adulteration  is  within  the  meaning  of  this  act  deemed  to  be  injurious 
to  health,  for  the  first  offense  incur  a  penalty  not  exceeding  fifty  dollars  and  not  less 
than  ten  dollars  and  costs,  and  for  each  subsequent  ofteuse  a  penalty  not  exceeding 
two  hundred  dollars  and  not  less  than  fifty  dollars  and  costs. 

(6)  If  such  adulteration  is  within  the  meaning  of  this  act  deemed  not  to  be  injuri- 
ous to  health,  incur  a  penalty  not  exceeding  thirty  dollars  and  costs,  and  for  each 
subsequent  offense  a  penalty  not  exceeding  one  hundred  dollars  and  not  lessthanfifty 
dollars  and  costs.     (49-49  V.,  c.  67,  s.  22.) 

23.  Every  person  who,  by  himself  or  his  agent,  sells,  offers  for  sale,  or  exposes  for 
sale  any  article  of  food  or  any  drug  which  is  adulterated  within  the  meaning  of  this 
act  shall — 

(a)  If  such  adulteration  is  within  the  meaning  of  this  act  deemed  to  be  injurious 
to  health,  for  a  first  offense  incur  a  penalty  not  exceeding  fifty  dollars  and  costs,  and 
for  each  subsequent  offense  a  penalty  not  exceeding  two  hundred  dollars  and  not  less 
than  fifty  dollars  and  costs. 

(h)  If  such  adulteration  is  within  the  meaning  of  this  act  deemed  not  to  be  injuri- 
ous to  health,  incur  for  each  such  offsense  a  penalty  not  exceeding  fifty  dollars  and  not 
less  than  five  dollars  and  costs. 

(2)  Provided,  That  if  the  person  accused  proves  to  the  court  before  which  the  case 
is  tried  that  he  did  not  know  of  the  article  being  adulterated,  and  shows  that  he 
could  not,  with  reasonable  diligence,  have  obtained  that  knowledge,  he  shall  be  sub- 
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ject  only  to  the  liability  to  forfeiture  under  the  twenty-first  section  of  this  act.     (48- 
49  v.,  c.  67,  s.  23.) 

24.  Every  compounder  or  dealer  in  and  every  manufacturer  of  intoxicating  liquors 
who  has  in  his  possession  or  in  any  part  of  the  premises  occupied  by  him  as  such  any 
adulterated  liquor,  knowing  it  to  be  adulterated,  or  any  deleterious  ingredient  speci- 
fied in  the  schedule  hereto,  or  added  to  such  schedule  by  the  governor  in  council,  for 
the  possession  of  which  he  is  unable  to  account  to  the  satisfaction  of  the  court  before 
which  the  case  is  tried,  shall  be  deemed  knowingly  to  have  exposed  for  sale  adulter- 
ated food,  and  shall  incur  for  the  first  offense  a  penalty  not  exceeding  one  hundred 
dollars,  and  for  each  subsequent  offense  a  penalty  not  exceeding  four  hundred  dollars. 
(48-49  v.,  c.  67,  s.  24.) 

25.  Every  person  who  knowingly  attaches  to  any  article  of  food  or  any  drug  any 
label  which  falsely  describes  the  article  sold  or  offered  or  exposed  for  sale,  shall  incur 
a  penalty  not  exceeding  one  hundred  dollars  and  not  less  than  twenty  dollars  and 
costs.    (48-49  v.,  C.  67,  s.  25.)  *" 

26.  Every  penalty  imposed  and  recovered  under  this  act  shall,  except  as  herein  other- 
wise provided,  and  except  in  the  case  of  any  suit,  action,  or  prosecution  brought  or  in- 
stituted under  the  provisions  of  the  next  following  section,  be  paid  over  to  the  minis- 
ter of  finance  and  receiver-general,  and  shall  form  part  of  the  consolidated  revenue 
fund.     (48-49  v.,  c.  67,  s.  26.) 

GENERAL  PROVISIONS. 

27.  Nothing  herein  contained  shall  be  held  to  preclude  any  person  from  submitting 
any  sample  of  food,  drug,  or  agricultural  fertilizer  for  analysis  to  any  public  analyst, 
or  from  prosecuting  the  vendor  thereof,  if  such  article  is  found  to  be  adulterated,  but 
the  burden  of  proof  of  sale,  and  of  the  fact  that  the  sample  was  not  tampered  with 
after  purchase,  shall  be  upon  the  person  so  submitting  the  same  : 

(2)  Any  public  analyst  shall  analyze  such  sample  on  payment  of  the  fee  prescribed 
in  respect  of  such  article  or  class  of  article  by  the  governor  in  council.  (48-49  V.,  c. 
67,s.27.) 

28.  Any  expenses  incurred  in  analyzing  any  food,  drug,  or  agricultural  fertilizer,  in 
pursuance  of  this  act,  shall,  if  the  person  from  whom  the  sample  is  taken  is  convicted 
of  having  in  his  possession,  selling,  offering  or  exposing  for  sale,  adulterated  food, 
drugs,  or  agricultural  fertilizers,  in  violation  of  this  act,  be  deemed  to  be  a  portion  of 
the  cost  of  the  proceedings  against  him,  and  shall  be  paid  by  him  accordingly;  and 
in  all  other  cases  such  expenses  shall  be  paid  as  part  of  the  expenses  of  the  officer,  or 
by  the  person  who  procured  the  sample,  as  the  case  may  be.     (48-49  V.,  c.  67,  s.  28.) 

29.  The  governor  in  council  may,  from  time  to  time,  make  such  regulations  as  to 
him  seem  necessary,  for  carrying  the  provisions  of  this  act  into  effect.  (48-49  V.,  c.  67, 
6.20.) 

30.  The  provisions  of  "  the  inland  revenue  act,"  whether  enacted  with  special  ref- 
erence to  any  particular  business  or  trade,  or  with  general  reference  to  the  collection 
of  the  revenue,  or  the  prevention,  detection,  or  punishment  of  fraud  or  neglect  in 
relation  thereto,  shall  extend,  apply,  and  be  construed,  and  shall  have  effect  with  ref- 
erence to  this  act,  as  if  they  had  been  enacted  with  special  reference  to  the  matters 
and  things  herein  provided  for. 

(2)  Every  penalty  imposed  under  this  act  may  be  enforced  and  dealt  with  as  if  im- 
posed under  the  said  act,  and  every  compounder,  and  the  apparatus  used  by  him,  and 
the  place  in  which  his  business  is  carried  on,  and  the  articles  made  or  compounded  by 
him,  or  used  in  compounding  any  such  article,  shall  be  "  subject  to  excise"  under  the 
said  act.     (48-49  V. ,  c.  67,  s.  30. ) 

SCHEDULE. 

Cocculus  indicus,  chloride  of  sodium  (other vt^ise  common  salt),  copperas,  opium, 
cayenne  pepper,  picric  acid,  Indian  hemp,  strychnine,  tobacco,  darnel  seed,  extract 
of  logwood,  salts  of  zinc,  copper,  or  lead,  alum,  methyl  alcohol  and  its  derivatives, 
amyl  alcohol,  and  any  extractor  compound  of  any  of  the  above  ingredients. 

The  English  laws  will  be  found  in  Hassall  or  Blyth. 
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MALT   LIQUORS. 


The  production  of  malt  liquors  iii  this  country  as  an  industry  is  sec- 
ond only  in  importance  to  the  production  of  breadstuffs.  Their  con- 
sumption is  steadily  on  the  increase,  as  is  also  the  amount  consumed  in 
proportion  to  other  kinds  of  alcoholic  beverages.  The  following  tables 
are  taken  from  recent  statistics,  compiled  by  the  Bureau  of  Statistics, 
U.  S.  Treasury  Department,  from  figures  obtained  from  official  sources:^ 

Annual  consumpiion  of  distiUed  and  malt  liquors  and  wines  in  the  United  States  and  the 
average  annual  consumption  per  capita  of  population  during  the  years  1840,  1850,  18G0, 
and  from  1870  to  1886,  inclusive. 


Tear  ending  Juno 
ao— 


1840  .  - . . 
1H60.... 
I860.... 
1870.... 
1871.... 
1872  .... 
1873.... 
1874  .... 
1875.... 
1876.... 
1877.... 
1878.... 
1-79.... 
1880.... 

1881  .... 

1882  .... 
1883.... 
1884.... 
1885.... 
1886.... 


Distilled  spirits  consumed. 


Spirits    of    domestic 
product. 


Imported 
1     spirits 


From 
fruit. 


entered 
for  con- 
All  other,     sumption. 


Pr.  galls. 

I         <'' 

I         {') 

1,223, 5-30 
2,472,011 

1,  089,  698 

2,  965,  987 
766,  687 

1,757,202 
I  672, 221 
1,527.141 
I  1,103,351 
1,021,708 
1,  005,  781 
1,701,206 
1,216,850 
1,  253,  278 
1, 137,  056 
1.  468,  775 
1,  555,  994 


Pr.  galls. 
40,  378,  090 
46,  768,  083 
83.  904,  258 

77,  266,  308 
59,  842,  017 
65,  145,  880 
62,  945, 154 

61,  814,  875 

62,  668,  709 
57,  340,  472 
57,  016,  248 
49,  600,  838 
52,  003,  407 
61, 120,  634 
67,  426,  000 
70,  759,  548 
75,  508,  785 

78,  479,  845 
67,  689,  250 
69,  295,  361 


"Wines  consumed. 


Imported 
"Wines 

Total.       of  domestic     entered 
product.^       for  con- 
sumption. 


Total. 


Pr.  galls. 
2.  682,  794 

5,  065,  390 

6,  064,  393 
1,405,510 
1,  745,033 
2, 186,  702 
2,125,998  I 
1,958,528  I 
1,694,647 
1,471,197 
1,376,729 
1,  227,  752 
1,  253,  300 
1,  394,  279 
1,479,875 
1,  580,  578 
1,690,624 
1,511,680 
1,442,067 
I,  410,  259 


Pr.  galls. 
43,  060,  884 
51,  833,  473 
89,  968,  651 
79,  895,  708 
64,059,661 
68,  422,  280 
68,  037,  ]:'.9 
64,  540,  090 
66,  120,  558 
59,  483,  890 
59,920,118 
51,931,941 
54,  278,  475 
63,  526,  694 
70,607,081 
73,  556,  976 
78,  452,  687 
81,128,581 
70,  600,  092 
72,261,614 


Gallons. 

124,  734 

221,  249 

1,  860,  008 

3,059,518 

4,  980,  783 

6,  968,  737 

8,  953,  285 

10,  951,  8o9 

12,  954.  901 

14,  968,  085 

16,942,-592 

17,  953,  386 

19,845.113 

23,  298,  940 

18,931,819 

19,  934,  856' 

17,  406,  028 

17,402,938 

17,  404,  698 

17,  366,  393 


Gallons. 

4,  748,  362 

6,  094,  622 
9,  199, 133 
9,  165,  549 

10,  853,  2S0 
9,  713,  300 
9,  893,  746 
9,  510.  855 

7,  036,  369 

5,  193.  723 
4,  933,  738 

4,  310,  563 
4,532,017 
5,030,601 

5,  231,  106 
5,  628,  071 
8,372,152 
3, 105,  407 
4,  495,  759 
4,  700,  827 


Gallons. 
4,  873,  096 
6,  315,  871 
11,059,141 
12,225,067 

15,  834,  063 

16.  682,  037 
18,847.031 

20,  468,  714 
19,991,330 
20,161,808 

21,  876,  330 

22,  263,  949 
24,377,130 
28,329,541 
24, 162,  925 
25,  562,  927 
25,  778, 180 

20,  508,  345 

21,  900,  457 

22,  067,  220 


^  statements  Nos.  32  to  50,  inclusive,  of  the  Quarterly  Report  No.  2  series  1880-"87,  of  the  Chief  of 
the  Bureau  of  Statistics,  Government  Printing  Office,  1887. 


Product  less  exports. 
'Included  with  "All  other. 
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Annual  consum2)tion  of  disiiUed  and  malt  liquors  and  nines,  ^-c. — Continued. 


Malt  liquors  consumed. 


Yeai  ending  June 
30— 


ATalt 
liquors  of 
domestic 
product.! 


Imported 
malt 
liquors 
entered 
for  con- 
sumption. 


1840 

i8(;o 

1870 
1^71 
1872 
1873 
1874 
1875 
1H76 
1877 
1878 
1879 
1J<80 
1881 
1882 
1883 
1881 
188.5 
1886 


Gallons. 
23, 162,  571 
36,  361,  708 
100,  225,  879 
203,  743,  401 
239,  838,  137 
268,  357,  983 
298,  519,  675 
297,  519,  981 
292,  961,  047 
306,  852,  467 
303,  854,  988 
317, 136,  597 
343,  724.  971 
413,  208,  885 
442,  947,  664 
524,  843,  379 
549,  616,  338 
588,  005,  609 
594,  063.  095 
640,  746,  288 


Gallons. 
148,  272 
201,301 
1,  120,  790 
1,012,755 
1,  299,  990 

1,  940,  933 

2,  177,  587 
2,  001,  084 
1,992,110 
1,  483.  920 
1,  072,  679 

832,  755 

880,  514 

1,011,280 

1,  164,  505 
1,-536,  601 
1,881,002 

2,  0:0,  908 
2,  0G8.  771 
2,221,432 


Total  consumption  per  capita  of 
population. 


Total       ! 
consumption! 
j    of  wines    I    Dis- 
Total.         and  liquors. !  tilled 
:  spirits- 


Wines. 


Malt 
liquors. 


All 
Tvines 

and 
liquors. 


Gallons. 
23.310,843 
36,  5ij3,  009 
101,  346,  699 
204,  756,  156 
241, 138,  127 
270.  298,  916 
300,  697,  262 
299,521.065 
294.  953, 157 
308.  330.  387 
304.  926,  667 
317.969,352 
344,  00.5,  485 
414,  220, 165 
444, 112, 169 
526,  379,  980 
551,497,340 
590,  0  6,  517 
596,131,860 
642,  967,  720 


'      Gallons. 
71.244,817 

'  94,  712,  3.53 
202,  374,  411 

j  296,876,931 
321,031,851 

I  355,  403,  233 

'  387.  581,  432 
384,  .529,  869 
381,  06.5,  045 
387,  982,  085 
386,723,115 
392, 165,  242 
423,261,090 
500,  076,  400 
538,  882,  175 
625,  499,  883 
655,  728,  207 
691,653,443 
688,632,415 
737,  296,  55 i 


Pr.  galls 
2.52 
2.23 
2.86 
2.07 
1.62 
1.68 
1.63 
1.51 
1.50 
1.32 
1.29 
1.09 
1.11 
1.20 
1.37 
1.39 
1.45 
1.46 
1.24 
1.24 


Gallons. 
0.29 
0.27 
0.35 
0.32 
0.40 
0.41 
0.45 
0.48 
0.45 
0.45 
0.47 
0.47 
0.50 
0.56 
0.47 
0.48 
0.48 
0.37 
0.38 
0.38 


Gallons. 
1.36 
1.58 
3.22 
5.30 
6.09 
6.65 
7.27 
6.99 
G.71 
6.  83 
6.58 
6.68 
7.05 
8.26 
8.63 
9.97 
10.18 
10.  62 
10.44 
11.18 


Gallons. 
4.17 
4.08 
6.43 
7.69 
8.11 
8.74 
9.29 
8.98 
8.66 
8.60 
8.34 
8.24 
8.66 
10.08 
10.47 
11.81 
12.11 
12.45 
12.  00 
12.62 


1  Product  less  exports. 

jS'ote.s.— (1)  The  data  as  to  product  of  domestic  liquors  and  Tvines  for  1840,  1850,  and  18G0  were  de- 
rived from  the  Census.  (2)  The  consainptiou  of  imported  liquors  and  wines  for  1840,  1850.  and  1800  is 
represented  by  the  net  imports.  (3)  The  production  of  domestic  wines,  from  1870  to  1885,  lias  been 
esiimated  by  "the  Department  of  Agriculture;  by  Mr.  Chailes  McK.  Leoser.  president  of  Wine  and 
Spirit  Tiaders"  Society,  Xew  York,  and  other  well-informed  persons,  and  the  amount  stated  as  con- 
.smncd  represents  the  production  minus  the  exports.  (4)  The  consumption  of  domestic  spirituous 
and  malt  li-juors,  from  1870  to  18S6,  was  obtained  from  the  reports  of  the  Commissioner  of  Internal 
Ki'veniie.  (5)  In  computing  the  quantity  of  sparkling  and  still  wines  and  vermuth  in  bottles,  5  so- 
called  quart  bottles  are  reckoned  as  equivalent  to  the  gallon.  (0)  The  consumption  of  distilled  spirits 
as  a  beverage  is  estimated  to  bo  about  90  per  cent,  of  the  product  consumed  for  all  purposes. 

This  table  shows  admirably  the  rapid  increase^  especially  in  the  last 
ten  years,  of  the  consuuiption  of  inalt  liquors,  and  the  relative  de- 
crease in  the  cousiiniptioii  of  the  stronger  alcoholic  beverages.  Thusit. 
will  be  seen  that  in  1840  the  amount  of  malt  liquor  consumed  per  capita 
was  a  little  over  one-half  the  amount  of  distilled  liquor  consumed; 
while  in  1886  it  was  nine  times  as  much.  The  amount  of  distilled  liq- 
uor consumed  per  capita  has  diminished  during  the  twenty-six  years  to 
one-half,  while  the  amount  of  malt  liquor  consumed  has  iucreased  very 
nearly  seven  times 5  or,  in  other  words,  the  malt  liquors  have  been  driv- 
ing out  the  distilled  at  the  rate  of  about  .05  gallons  per  capita  each 
year,  and  supplanting  it  at  the  rate  of  about  .38  gallons  per  capita. 

The  average  quantity  consumed  annually  for  the  last  three  years  was 
600,705,307  gallons,  of  which  2,100,370  gallons  were  imported.  Taking 
this  as  a  basis,  Mr.  F.  ^N".  Barrett,  in  the  publication  above  mentioned, 
estimates  the  amount  expended  for  beer  per  annum  at  $301,852,683, 
placing  the  cost  to  the  consumer  at  50  cents  per  gallon.  The  cost  to 
the  consumer  of  the  total  quantity  of  liquors  per  annum  he  places  at 
$700,000,000. 

That  there  is  still  opportunity  for  increase  in  the  consumption  of  malt 
liquors  in  the  United  States  will  be  seen  from  the  following  compara 
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tive  tables,  from  which  it  appears  that  while  the  United  States  quite 
iioldsher  owu  iu  the  quantity  of  distilled  liquors  consumed,  she  is  still 
far  behind  the  other  great  nations  in  the  consumption  of  the  milder 
alcoholic  liquors. 

Comparative  summary  of  the  consumption  per  capita  of  population  in  the  United  Slates,  the 
United  Kingdom,  France,  and  Germany,  of  distilled  sjyirits,  wines,  and  malt  liquors  dur- 
ing each  year  from  18S1  to  18d5,  inclusive. 

[From  original  official  data.] 
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'  Xo  data. 

Note. — The  years  referred  to  are,  for  France  and  Great  Britain,  calendar  years ;  for  the  United 
States,  the  fire  years  ending  June  30,  18S6;  for  Germany  iu  the  case  of  beer, 'the  lire  years  ending 
March  31,  1885,  and  in  the  case  of  spiiits  the  five  years  ending  March  31,  1881,  these  being  the  latest 
years  for  Avhich  data  were  obtainable. 

It  is  hardly  necessary,  after  the  above  showing,  to  dwell  upon  the  im- 
portance of  this  article  of  daily  consumption,  or  the  necessity  of  a 
thorough  acquaintance  with  its  manufacture,  composition,  and  the  na- 
ture and  extent  of  its  adulterations.  There  is  no  beverage  that  com- 
pares with  it  in  the  amount  consumed  by  the  people  except  water,  and 
possibly  milk.  But  little  sui^ervision  has  been  exercised  over  its  manu- 
facture and  sale,  except  the  rigorous  enforcement  by  the  Government  of 
its  demands  for  a  share  in  the  profits  of  its  manufacture. 


THE  PROCESS  OF  BREWING. 

Brewing,  or  the  art  of  preparing  an  alcoholic  drink  from  starchy 
grains  by  fermentation,  is  of  very  ancient  origin.  It  was  practiced  by 
the  Egyptians,  and  the  Greeks  and  Eomans  learned  the  art  from  them. 
Herodotus  speaks  of  the  Egyptians  making  wine  from  corn,  and  it  was 
undoubtedly  practiced  by  the  Greeks  in  the  fifth  centurj^  before  Christ, 
as  the  use  of  malt  beverages  is  mentioned  in  the  writings  of  ^schylus 
and  Sophocles,  poets  of  that  period.  It  is  also  mentioned  by  Xenophon, 
400  B.  0.  The  Eomans  are  also  supposed  to  have  derived  a  knowledge 
of  the  art  from  the  Egyptians,  and  Pliny  and  Tacitus  both  speak  of  its 
use  amoung  the  Gauls  and  Germans  of  Spain  and  France. 

It  is  supposed  that  the  art  was  introduced  into  Britain  by  the  Eo- 
mans and  acquired  from  the  natives  by  the  Saxons.  According  toYer- 
etigan  ^'this  excellent  and  healthsome  liquor,  beere,  anciently  called  ale, 
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as  of  the  Danes  it  yet  is,  was  of  the  Germans  invented  and  brought  into 
use."  Ale-houses  are  mentioned  in  the  hiws  of  Ina,  king  of  Wessex, 
A.  D.  680.     Ale-booths  were  regulated  by  law  A.  D.  728. 

The  art  of  producing  an  alcoholic  drink  from  starchy  seeds  seems  to 
have  been  nearly  as  extensively  known  and  practiced  amoug  the  various 
nations  of  the  earth  as  the  less  complex  operation  of  preparing  a  fer- 
mented liquor  from  the  juice  of  fruits  and  plants  containing  sugar. 
Thus  the  Kaffre  races  of  South  Africa  are  said  to  have  prepared  for 
many  years  a  malt  liquor  from  the  seeds  of  the  millet  (Sorghum  vulgare) 
going  through  all  the  processes  of  germinating  the  seed,  extracting  the 
malt,  and  fermenting  the  wort.  In  the  north  of  Africa  another  seed  is 
used.    The  Chinese  prepared  the  drink  called  sam  shee  from  rice. 

The  process  of  brewing  consists  of  two  distinct  operations  :  the  malt- 
ing and  the  brewing  proper.  In  fact  the  two  operations  are  frequently 
separated,  many  small  breweries  buying  their  malt  ready  prepared. 
When  kept  dry  it  retains  its  qualities  for  an  indefinite  period  and  is 
handled  as  an  article  of  commerce. 

MALTINa. 

The  object  of  this  operation  is  the  germination  of  the  grain,  and  the 
consequent  formation  of  the  ferment  diastase,  which  shall  subsequently, 
under  the  proper  conditions,  perform  its  specific  function  of  converting 
the  starchy  portions  of  the  grain  into  saccharine  or  fermentable  matter. 
Barley  is  the  grain  used  almost  exclusively  for  this  purpose,  its  advan- 
tages having  been  recognized  even  by  the  Egyptians  j  they  seem  to  be 
principally  of  a  physical  character,  consisting  of  the  firmness  of  the 
kernel,  and  the  hard  husk,  which  freely  allows  the  entrance  of  water, 
but  prevents  the  passage  of  starch  or  insoluble  matter. 

The  operations  through  which  the  grain  is  successively  passed  are 
called,  technically,  steeping,  crushing,  flooring,  and  kiln-drying.  In  the 
first  it  is  spread  out  in  large  vats,  covered  with  water,  and  allowed  to 
steep  several  days.  When  it  has  become  softened,  the  water  is  run  off 
and  the  swollen  grain  is  subjected  to  a  slight  degree  of  heat,  which 
causes  it  to  germinate.  This  is  the  second  operation.  The  operation 
of  flooring  has  for  its  end  the  regulation  of  the  germination  of  the  grain, 
and  the  time  when  it  has  progressed  sufficiently  is  judged  by  the  length 
which  has  been  attained  by  the  acrospire  or  plumule.  This  is  variously 
given  as  from  two-thirds  to  seven-eigblhs  the  length  of  the  grain.  The 
sprouted  grain  is  now  spread  out  in  the  malt  kilns  and  heat  apjflied, 
while  a  current  of  air  circulates  about  it.  After  the  moisture  is  driven 
off',  which  is  done  at  a  low  temperature,  about  90°  F.,  the  heat  is  raised, 
and  finished  at  from  125^  to  180°  F.,  according  to  the  grade  of  malt  re- 
quired, the  difference  between  pale,  amber,  and  brown  malt  being  duo 
simply  to  the  temperature  at  which  they  are  kiln-dried.  This  last. 
operation  serves  not  only  to  drive  off'  the  moisture,  but  also  stops  ger- 
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mination  by  destroying  tbe  vitality  of  the  germ,  aud  fits  it  for  keep- 
ing. It  also  probably  develops  the  flavor  by  the  formation  of  a  minute 
quantity  of  empyreumatic  oil  in  the  husk. 

The  rootlets  aud  germs  are  removed  in  this  process  by  the  turning 
aud  stirring  of  the  grain.  The  water  which  is  used  in  the  process  of 
steeping  the  grain  is  an  important  factor  in  the  production  of  good 
malt,  and  the  preference  of  brewers  for  hard  lime  waters  for  this  pur- 
pose has  been  shown  by  recent  experiment  to  be  rational,  for  it  is  found 
that  when  barley  is  steeped  with  distilled  water,  a  very  putrescible 
liquor  is  obtained  charged  with  albuminous  matter,  while  if  a  hard 
water  is  used  these  matters  remain  in  an  insoluble  condition  in  the  grain. 

Chemically  considered  a  good  malt  should  not  contain  more  than  5 
per  cent,  of  water,  and  the  soluble  extract  should  constitute  about  70 
per  cent,  of  the  weight  of  the  malt  and  should  have  a  good  diastatic 
action  on  starch  mucilage.  The  determination  of  the  acidity  is  impor- 
tant in  determining  the  keeping  qualities  of  the  beer  which  is  to  be 
brewed  from  it,  and  should  not  be  over  .3  i^er  cent,  (calculated  as  lac- 
tic). 

The  following  analyses  by  O'Sullivan  show  the  composition  of  pale 
malt: 


(1) 

(2) 

starch 

44.15 

21.  2.3 

11.57 

1.65 

13.09 

2.60 

5.83 

45.13 

19.39 
10.09 
1.96 
13.80 
1  92 
7.47 

other  carbohydrates  (of  which  GO-70  per  cent,  consist 
of  fermentable  sugars).    luiiliu  (0  and  a  small  quan- 
tity of  other  bodies  soluble  in  cold  water 

Cellulose  matter 

Fat 

Water 

100. 12 

99.76 

BREWING. 

Brewing  proper  includes  a  number  of  distinct  operations,  such  as 
grinding  and  mashing  the  malt,  boiling  and  cooling  the  wort  or  infu- 
sion, fermenting  it,  and  clearing  and  racking  the  beer.  In  the  process 
of  mashing  takes  place  the  conversion  of  tbe  starch  into  fermentable 
sugar,  mainly  maltose,  by  the  action  of  the  diastase.  Two  methods  are 
used  for  extracting  the  soluble  matter  from  the  malt,  called  infusion 
and  decoction^  respectively ;  the  former  is  the  method  most  in  use  in  Eng- 
land, the  latter  in  Germany  and  France.  The  wort  prepared  by  in- 
fusion contains  less  dextrin  and  more  albuminoid  matter  than  that  pre- 
pared by  decoction  ;  the  beers  from  the  former  are  stronger  in  alcohol, 
but  not  so  good  in  keeping  qualities. 

A  good  wort  should  give  no  blue  color  with  iodine,  showing  the  com- 
plete conversion  of  all  the  starch,  and  should  contain  a  large  percentage 
of  maltose,  which  should  constitute  about  70  per  cent,  of  the  extract. 
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After  the  masbing  process  comes  the  hoiling  of  the  wort,  which  is  be- 
gun as  soon  as  it  is  drawn  off*  from  the  exhausted  malt  and  continued 
for  one  to  two  hours.  This  prevents  the  formation  of  acid,  and  serves 
to  extract  the  hops,  which  are  added  at  this  stage  of  the  process.  The 
boiling  of  the  wort  with  hops  serves  not  only  to  impart  to  it  the  de- 
sired hop  flavor,  but  also  to  partially  clarify  it  by  precipitating  some 
albumiuous  matter  by  means  of  the  tannin  in  the  hops,  and  to  en- 
hance its  keeping  qualities.  To  this  end  larger  quantities  of  hops  are 
used  for  beers  intended  for  exportation  or  long  keeping. 

The  wort  is  now  ready  to  be  submitted  to  the  most  important  oper- 
ation of  all — fermentation — which  calls  for  very  careful  supervision  on 
the  part  of  the  brewer. 

FERMENT  ATION. 

After  the  wort  has  been  boiled  with  hops  it  is  cooled  as  rapidly  as 
possible,  to  prevent  the  formation  of  acid,  usually  effected  by  means  of 
artificial  refrigerating  apparatus  ;  it  is  then  ready  for  the  addition  of  the 
yeast. 

There  are  two  distinct  methods  of  fermentation  in  use,  called  by  the 
Germans  Oher-  und  UnfergdJining,  and  by  the  'French  fermejitationhcmie 
(top  fermentation)  and  hasse  (bottom  fermentation).  The  former  is 
carried  on  at  a  comparatively  high  tem^^erature,  the  action  is  rapid,  and 
the  yeast  with  the  impurities  is  carried  to  the  surface  of  the  liquid ;  in 
the  latter  method  the  temperature  is  kept  low,  the  fermentation  goes 
on  slowly,  and  the  yeast  and  impurities  sink  to  the  bottom.  The  sec- 
ond method  is  often  called  the  Bavarian  method,  as  it  seems  to  have 
originated  there,  and  is  used  exclusively  in  that  country.  It  is  gener- 
ally preferred  in  Germany  and  France,  while  in  England  and  this 
country  the  upward  clearing  method  appears  to  be  more  in  vogue. 

The  nature  of  the  fermentation  depends  greatly  upon  the  character 
of  the  yeast  used,  for  Pasteur's  experiments  have  shown  that  yeast  from 
upward-fermented  beer  tends  to  produce  the  upward  fermentation, 
while  yeast  from  bottom-fermented  beer  produces  the  bottom  fermenta- 
tion. The  purity  of  the  yeast  used  is  of  the  very  first  importance  in 
the  i)roduction  of  good  beer.  Many  experiments  have  been  made  with 
the  end  in  view  of  producing  a  perfectly  pure  yeast,  which  should  con- 
tain only  the  yeast  ferment  proper,  and  thus  produce  a  beer  of  good 
flavor  and  keeping  properties,  free  from  diseased  or  acid  ferments. 

PURE   YEAST. 

The  production  of  pure  yeast  for  brewing  purposes  has  been  put  on 
a  practical  basis  of  late  years  through  the  scientific  researches  of  Dr. 
E.  C.  Hansen,  of  tlie  Carlsberg  Institute,  in  Copenhagen.  He  succeeded 
in  producing  a  pure  yeast  cultivated  from  a  single  cell.  He  was  able  to 
differentiate  in  this  way  six  diff'erent  species  or  varieties  oi  saccliaromy- 
cetesj  several  of  which  may  usually  be  found  in  an  ordinary  brewery 
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yeast.  These  differeut  varieties  have  been  shown  to  produce  beers  dif- 
fering not  only  in  coloriDg,  flavorino-,  facility  of  separation  of  the  yeast, 
&c.,  but  also  in  chemical  composition. 

In  a  recent  address  before  the  Society  of  Chemical  Industry  by  G.  H. 
Morris/  a  resume  is  given  of  the  work  done  in  this  direction  by  Hansen 
and  others. 

Br.  Morris  states  that  the  employment  of  the  pure  yeasts  is  coming 
very  largely  into  use  in  the  beer-drinking  countries  of  the  Continent, 
and  has  met  with  favor  from  some  of  the  most  noted  brewiug  technol- 
ogists, such  as  Jacobson,  Aubry,  Marz,  and  Lintner,  the  latter  of  whom 
sums  uj)  the  question  in  the  following  statements : 

(1)  By  contamination  -svith  so-called  wild  yeast  an  otherwise  normal  brewery  yeast 
can  be  rendered  incapable  of  producing  a  beer  of  good  flavor  and  witli  good 
keeping  qualities. 

(•2)  A  contamination  with  wild  yeasts  may  be  produced  by  the  dust  of  the  air  during 
summer  and  autumn,  by  the  malt,  or  other  sources. 

(3)  By  employing  Hansen's  method  of  pure  cultivation  and  analysis  it  is  possible  to 

obtain  from  a  contaminated  yeast  a  good  brewery  yeast  in  a  state  of  purity. 

(4)  Yeast  cultivated  in  a  state  of  purity  possesses  in  a  marked  degree  the  properties 

of  the  original  yeast  before  contamination  as  far  as  concerns  the  degree  of 
alteration  of  the  flavor  and  keeping  qualities  of  the  beer. 

(5)  There  exist  different  varieties  of  normal  bottom  yeast  (S.  cei'evis.),  each  with 

special  properties  which,  like  the  peculiarities  of  species,  are  maintained  con- 
stant. 

The  nse  of  this  yeast  has  not  yet  extended  to  England,  although  ex- 
periments on  an  industrial  scale  are  now  being  carried  on  at  Burton- 
on-Trent  with  different  species  of  pure  yeast. 

The  chemical  characteristics  of  beer  made  from  the  different  species 
of  pure  yeast  have  been  investigated  by  Borgmann,^  who  analyzed  sam- 
ples of  beer  produced  from  two  species  of  pure  yeast,  each  cultivated 
€rom  a  single  cell  and  the  beer  fermented  under  comparable  conditions. 
The  analysis  gave  the  following  results  : 


Alcohol 

Extract 

Ash 

Free  acid  (as  lactic) 

Glycerol 

Phosphoric  acid 

Nitrogen 


Beer  prepared  with- 


Teast  No.  1 
flives  in  100 
cc. 


4.13 

5.35 
.20 
.086 
.109 
.0775 
.071 


Yeast  'No.  2 
gives  in  100 
cc. 


4.23 

5.84 
.25 
.144 
.137 
.0828 
.0719 


From  these  numbers,  which  are  the  means  of  many  determinations,  the 
analyst  concludes  that  the  different  yeasts  produce  beers  which  differ 
in  chemical  composition.     He  also  finds  that  the  proportion  of  alcohol 

1  Jour.  Soc.  Chem.  Ind.,  1887,  p.  113. 

2  Zeit.  Anal.  Chem.  25,  532. 
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to  glycerol  is  different  from  that  formed  with  other  beers.     From  analy- 
ses of  other  beers  he  finds  that  the  proportion  is — 


i 

1 

Alcohol. 

Glycerol. 

j  Masironri             .... 

100 
100 

5.497 
4.14 

!  Alinimum 

1 

while  with  the  Carlsberg  i)ure  yeast  the  proportion  is — 


■ 

Alcohol. 

Glycerol. 

IJ^o.l 

100 
100 

2.63 
3.24 

No.  2 

BELGIAN    BEERS. 

The  method  of  brewing  pursued  in  Belgmm  wonld  seem  the  most 
unscientific  known,  still  the  Belgium  beers  are  largely  consumed  in 
Europe.  Xo  yeast  whatever  is  used,  tut  the  wort  is  left  to  ferment  of 
itself,  as  it  were,  standing  in  the  vats  at  a  low  temperature,  until  fer- 
mentation is  provoked  by  germs  that  have  accidentally  fallen  into  it, 
or  which  may  have  found  their  way  in  during  the  process  of  manufact- 
ure. The  action  is  naturally  very  slow,  requiring  sometimes  several 
years  for  its  completion,  and  a  considerable  formation  of  acid  takes 
place,  which  is  a  predominant  constituent  in  this  class  of  beers. 

CLARIFVING,  STORING,  AND  PRESERVING. 

The  treatment  of  malt  liquors  after  the  process  of  fermentation  is 
complete  is  very  diverse,  according  to  the  kind  of  liquors  it  is  intended 
to  produce,  the  length  of  time  it  is  to  be  kept,  &g.  The  problem  of 
clarifying  and  i:>reserving  the  beer  is  very  simple  of  solution  if  it  has 
been  x^roperly  and  carefully  brewed,  for  then  it  is  easily  cleared  and 
keeps  well ;  but  where  the  reverse  is  the  case  it  is  necessary-  to  make 
use  of  various  clarifying  and  preserving  agents,  and  here  comes  in  the 
delicate  question  of  the  proper  agents  to  use,  which  will  perform  this 
duty  and  still  introduce  no  objectionable  constituents  into  the  drink. 

The  discussion  of  this  question  comes  properly  under  the  head  of 
adulterations,  and  will  be  considered  later  on.  As  clarifying  agents 
may  be  mentioned  gelatine,  tannin,  Iceland  moss,  and  flaxseed,  and  as 
mineral  coagulating  agents  i)hosphate  of  lime,  and  alum. 

Formerly  beer  was  stored  in  casks  or  vats  in  cool  cellars  for  a  long 
period,  to  allow  it  to  age  or  ripen,  especially  in  Germany,  whence  came 
the  name  of  ' '  lager  "  beer,  but  the  aim  of  the  brewer  at  the  present  day 
is  to  produce  an  article  fit  for  the  market  in  as  short  a  time  as  possible 
and  thus  turn  his  capital  often  and  keep  step  with  the  rapid  pace  of 
modern  business  industry,  so  that  the  name  of  lager  beer  is  rather  ^ 
misnomer. 
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COMPOSITION  OF  MALT  LIQUORS. 

The  composition  of  malt  liquors  varies  greatly  according  to  the  mate- 
rials used,  the  method  of  brewing,  the  season,  and  the  use  for  which  it 
is  intended. 

Malt  liquors,  properly'  so  called,  should  be  made  only  of  malted  bar- 
ley, hops,  yeast,  and  water,  but  the  use  of  other  materials  as  substi- 
tutes for  the  first  three  ingredients  has  extended  so  greatly  in  countries 
where  their  use  is  not  prohibited  that  it  is  dif&cult  to  define  what  a 
beer  really  is. 

Modern  beer  has  been  defined  as  a  "  fermented  saccharine  infusion 
to  which  some  wholesome  bitter  has  been  added." 

Its  chemical  composition  is  very  complex,  the  priocipal  constituents 
being  alcohol,  various  sugars  and  carbohydrates,  nitrogenous  matter, 
carbonic,  acetic,  succinic,  lactic,  malic,  and  tannic  acids,  bitter  and  res- 
iuous  extractive  matter  from  the  hops,  glycerine,  and  various  mineral 
constituents,  consisting  mainly  of  phosphates  of  the  alkalies  and  alkali 
earths. 

VARIETIES. 

The  names  given  to  different  kinds  of  malt  liquors  relate  to  various 
attributes,  as  the  country  wliere  they  were  produced,  as  English,  Ger- 
man, Bavarian  beer,  &c.,  or  to  the  peculiarities  in  the  method  of  brew- 
ing, &c.  Thus,  porter  is  simply  a  beer  of  high  percentage  of  alcohol, 
and  made  from  malt  dried  at  a  somewhat  high  temperature,  which 
gives  its  dark  color  j  ale  is  a  pale  beer,  likewise  of  high  attenuation  and 
made  of  pale  malt,  with  more  hop  extract  than  porter.  Stout  has  less 
alcohol  and  more  extract  and  still  less  hops  than  porter.  These  terms 
are  used  chiefly  with  reference  to  English  malt  liquors.  The  terms 
used  for  German  beers,  sucli  as  Erlanger^  Miinchener^  &c.,  are  for  the 
most  part  names  of  places  and  are  applied  to  beers  made  in  imitation 
of  the  beers  originally  brewed  in  those  cities.  Export  beer  is  beer  that 
is  specially  prepared  with  a  view  to  long-keeping  qualities. 

The  following  table  gives  some  recently  published  and  very  complete 
analyses  of  beers  made  by  C.  Graham  :  ^ 

1  Jour.  Soc.  Chem.  Ind, 
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The  following  is  taken  from  the  report  of  the  Municipal  Laboratory 
Paris  for  1885,  and  gives  the  composition -of  the  principal  beers  sold  in 
Paris.i 

Analyses  of  beers  made  in  Municipal  Laboratorij  of  Paris  in  188L 


'ay 

a 

<s 

© 

a 

>  o 

Grams  per  liter. 

Polariza- 
tion. 

No. 

3 
CO 

a 

1 

a 

4 

<1 

Eemarks. 

1 

2 

3 

1.020 
l.O-.'O 
1.019 
1.021 
1.017 
1.022 
1.024 
1.027 
1.030 
1.019 
1.  020 

6.1 
6.2 
6.2 
5.5 
6.2 
5.0 
5.6 
6.1 
5.8 
5.2 
.5.7 

C4.20 
65.00 
63.10 
65.70 
50.  20 
7.5.  90 
79.25 
62.25 
98.36 
65.53 
65.50 
58.72 
58.42 
63.40 
53.  48 
59.59 
60.  0.) 
48.90 
78.  45 
58.71 
27.45 
64.49 

12.50 
15.00 
13.17 
12.35 
13.00 
11.62 
17.32 
11.16 
23.92 
12.56 
15.83 
11.58 
10.01 
8.30 
14.29 
9.81 
9.79 
8.28 
16.54 
12.23 

34.10 
40.60 
28.20 
31.80 

3.04 
3.86 

2.28 
2.  28 

+150.  76 
t- 160.  25 

+  .50.88 
+  70.  38 
+140.  50 
+  70.  50 
+170.  48 
+150.34 
+230.  52 
+140.  20 
+I80.  05 
+150. 17 
4-120.  21 
+  60.  27 
+140.  .50 
+120.41 
+110.54 
+  70.  74 
+200.  00 
+200.  68 
+  50.  60 
+  130.12 

Good. 

4 

5 

2.33 
2.39 
2.32 
2.32 
2.09 
2.93 
2.04 
1.58 

'i.'47 
.68 
1.47 
1.12 
1.96 
2.45 
2.45 

6  .... 

7 

8.... 

9 

10 

47.16 
32.91 
51.09 
36.43 

:..::: 

Contaiuecl  salicylic  acid. 
Good. 

11  ... 

12 

1  017       fi-  5 

1.64 
1.94 

13  .... 

14  ... 

1.020 
1.  020 

4.0 
5.7 
5.8 
5.9 
5.9 
5.3 
7.3 
4.7 
3.4 
3.8 

15  ... 

2.70 
2.90 
2.95 
2.85 
4.30 
2.90 
.95 
2.35 

i.li" 

1.12 
2.03 

'i.'oi" 

1.36 
.86 

Contained  .salicylic  acid. 
Good. 

16  .... 

17  ... 

1.013 
1.014 
1.019 

18 

19  ... 

20 

21 

Pflflrfsalili^ 

22 

11  91 

Good. 

General  averajcesof  135  samples  of  beer,  analyzed  in  1882  :  Alcohol,  4.25  per  cent,  by  volume ;  extract, 
52.06  grams  per  liter. 

The  following,  taken  from  the  same  source,  is  interesting  as  showing 
an  average  of  the  composition  of  beers  manufactured  in  various  coun- 
tries.   It  is  taken  from  a  very  large  number  of  collated  analyses. 

Average  of  the  content  of  alcohol,  extract,  and  ash  in  various  leers  for  export  and  pres- 
ervation. 


Per  cent,   alcobol    by 
volume. 

1 
Per  cent,  extract. 

Per  cent,  a 

sh. 

Min. 

Mas. 

Mean. 

Min. 

Max. 

Mean. 

Min. 

Max. 

Mean. 

French  beers. 

Strasbarjc 

Lille 

Paiis 

4.0 
4.0 
3,5 

5.0 
5.0 

2.08 
3.00 

3.93 

5.8 
4.2 
3.5 

6.0 

4.7 
4.1 
3.5 

5,6 

4.0 
4.0 
4.0 

4.0 
5.0 

4.40 
3.90 

5.07 

5.6 
5.3 

8.0 

7.6 

4,65 
4,65 
6,00 

5.70 

0,30 

0.33 
0.35 

0.32 

Nancy,    Tourtel,    Tarton- 
ville;Vittel,Vezelis6,Toul. 

0,19 

0  35 

0.29 

German  beers. 
Saxony 

6.90 
8.30 

4.81 

3.70 
4.50 

4.20 

7.4 
11.3 

6.7 

.    .5.8 
7,2 

5,9 

0.18 
0.13 

0.25 

0.45 
0.47 

0,26 

0.25 

Bavaria 

0.29 

Hanover,  Holstein,  Pom- 
erania 

0,25 

^  Documents  snr  les  falsifications  des  matieres  alimeutaires,  et  sur  les  travans  du 
laboratoire  municipal,  deuxieme  rapport,  Paris,  1885. 

4450-^Ivro.  13,  pt.  3^^3 
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Average  of  the  contents  of  alcohol,  extract,  and  ash  in  vavious  leers,  cj-c. — Continued. 


Per   cent,    alcohol   by 
volume. 

Per  cent,  extract.                 Per  cent.  ash. 

i 

Min. 

Max. 

Mean. 

Min. 

Max. 

Mean. 

Min.    1   Max. 

Mean. 

Austrian  beers. 

Tienna,  Moravia 

Bohemia 

3.00 
3.29 

5.0 
4.0 

4.50 
4.  .59 

8.5 
6.9 

3.5 
3.6 

6.2 
6.4 

6.02 
4.15 
4.35 
3.00 

'"'5.  80 

5.00 
4.10 

4.8 
5.9 

2.07 
2.90 
2.70 
4.00 
3.00 
3.10 

8.0 
5.9 

14.0 
7.4 

5.6 
5.1 
4.5 
5.0 
5.0 
8.0 

6.1 

4.7 

6.6 
6.5 

3.7 

4.2 
3.4 
4.4 
4.0 
5.5 

0.18 
0.17 

0.28 
0.28 

0.20 
0.  20 

English  beers. 
Ale 

Belgian  beers. 

Lambick ^ 

Faro 

1 

j 

! 

4.5     i      7.7 
2.5           4.9 
3.  0           4.  9 
2.  7     1       3.  2 

2.  2     I      4.  4 

3.  5     1       S-  4 

0.30 
0.29 
0.29 

0.35 

0.32 

Biere  cl'orge 

Bieres  Llanches 

i 

COMPOSITION  OF  AMERICAN  BEER. 

But  very  little  work  lias  been  clone  on  American  beers ;  they  seem  to 
liave  shared  \Yith  other  dietary  articles  the  general  indifference  of  the 
American  i^ublic  to  the  composition  of  their  food  and  drink. 

A  very  extetisive  series  of  analyses  was  made  in  the  State  of  New 
York  in  1885,  under  the  authority  of  the  State  Board  of  Health,  b}^  Dr. 
r.  E.  Englehardt,  and  outside  of  this  I  have  been  able  to  find  very  few 
published  analyses  of  American  beers. 

Dr.  Englehardt's  analyses  were  made  upon  a  very  large  number  of 
samples,  476  in  all,  which  were  collected  from  all  over  the  State,  and 
were  intended  to  furnish  a  good  average  representation  of  the  beer  re- 
tailed in  the  State.  The  samples  included  various  kinds  of  malt  liquor 
porters,  ales,  and  a  weak  beer  sold  under  the  name  of  weiss  beer.  Un- 
fortunately no  arrangement  of  the  analyses  was  made  with  a  view  to 
showing  the  composition  of  various  kinds,  as  the  examination  was  made 
principally  with  reference  to  the  adulteration,  so  all  varieties  are  tabu^ 
lated  together.  The  following  averages  I  have  had  comj^iled  from  his 
table  by  the  Statistical  Division  of  this  Department,  only  excepting  a 
few  samples  which  he  has  indicated  as  being  imported : 

Average  composition  of  American  malt  liquors,  as  shown  hy  analt/ses  made  for  Xew  Yo7'k 
State  Board  of  Health  hy  F.  E.  Englehardt,  Ph.  D. 


Kind. 

Specific 
gravity. 

Alcohol 
by  weight. 

Extract. 

Ash. 

Phosphoric 
acid. 

Lager,  172  samples 

Ale,  199  samples  

Poiter,  70  samples 

Weiss,  28  samples  .... 

Per  cent. 
1.016              3.754 
1.013               4.622 
].015  I            4.462 
1.006  '            1.732 

Per  cent. 
5.804 
5.423 
6.003 
2.356 

Per  cent. 
.259 
.307 
.345 
.189 

Per  cent. 
.0964 
.  0832 
.0942 
.0491 

1 
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The  maximum  and  minimum  content  of  alcoliol,  extrc:ct,  and  ash  in 
the  same  samx)les  is  as  follows  : 


Kind. 

Maximnm. 

Minimum. 

Alcohol 
by  weight. 

Extract. 

Ash. 

Alcohol  by 
weight. 

Extract. 

Ash. 

Lager 

Ale 

Porter .... 
Weiss 

Percent. 
7.061 
8.994 
6.695 
3.179 

Per  cent. 

9.647 

9.  501 

11.783 

4.143 

Per  cent. 
.412 
.552 
.557 
.468 

Per  cent. 

.617 
2.410 
1.671 

.755 

Per  cent. 
3.  655 
2.703 
2.843 
L277 

Per  cent. 
.172 
.197 
.170 
.069 

These  analyses  show  great  lack  of  uniformity  of  composition  in  the  dif- 
ferent varieties  of  malt  liquor,  hut  it  should  be  remembered  that  the 
samples  were  collected  with  a  view  to  ascertaining  the  extent  of  adulter- 
ation, and  many  samples  were  found  to  be  sophisticated  in  one  way  or 
another.  Especially  in  the  case  of  the  content  of  ash  the  average  of 
these  samples  does  not  give  the  average  composition  of  American  beers, 
for  many  of  these  ashes  were  found  to  consist  principally  of  salt. 

Following  is  the  average  of  nineteen  analyses  made  by  the  same 
chemist  for  the  ]N'ew  York  Board  of  Health  in  1882  : 


Specific  gravity 

Alcohol  by  weight 

Extractive  matter 

Sugar  

Free  acid  calculated  as  lactic 

Ash 

Phosphoric  acid 


1.  0162 

2.78 

6.047 

1.521 

.189 

.305 

.105 

The  following  analyses  of  four  samples  of  beer  sold  in  Indianapolis, 
Tnd.,  were  made  by  Mr.  J.  N.  Hurty  :  ^ 


^ 

i- 

I. 

•3 

.»i 

i 

'3 

's 

3 

a 

u 

0 

1 

1 

"^ 

^ 

bO 

s 
in 

fi 

< 

t 

■3  ^  y 

^ 

^ 

Milwaukee 

1.  0174 

7.312 

1.895 

3.880 

.037 

1.530 

.159 

5  350 

Lieber's 

1.  0229 

5.  988 

3.126 

2.644 

.016 

.202 

.281 

9.990 

MausH 

1.0180 
1.0172 

6.330 
5.816 

4.060 
3.440 

2.060 
2.283 

.006 
.014 

.118 
.074 

.309 
.080 

.5.  384 
4.640 

Schmidt's  

Average... 

1.  0189 

6.361 

3.130 

2.719 

.018 

.481 

.207 

6.341 

The  analyst  does  not  state  whether  the  percentage  of  alcohol  is  b}' 
weight  or  volume,  but  on  account  of  its  being  so  higb,  presumably  it  is 
the  latter. 

^Analyst,  Vol.  7,  p.  22. 
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Aiialyses  made  in  1873  of  Xew    York  heers  for  the  ^' Moderaiion  Societi/'^  dy  Professor 

Doremus.^ 


> 

> 

_ro 

33     .       . 

'3  " 

1 

o 

"S2 

-a 

C 

1 

1- 
a 

a 

o 

Phosphoric 
acid. 

Sugar. 

c;  ^  rt 
s  t.  d 

Vi 

^ 

"vS  o  o 

m 

< 

« 

;^ 

< 

<1 

^ 

-< 

Pr.  ct. 

Pr.  ct. 

Perct. 

Perct. 

Perct. 

Perct. 

Perct. 

Per  cent. 

Per  cent. 

1.0280 

4.00 

8.5215 

87.  40 

7.1605  0.87.50 

0.  2970 

n.  1890 

0.1.300 

2.  2105 

None. 

1.  0315 

2.00    8.4580 

89.  50  1  7.  0695  0.  87.5ft 

0.  3425 

0. 1710 

0.1610 

2.  2034 

None. 

1.0175 

4.  60   6.  5570 

88.80  1  5.4080  0.7000 

0.  3680 

0.0810 

0.  1775 

1.2285 

None. 

1.0275 

2.80   8.3410 

88.80      7.35.30  0.6125 

0.  2675 

0. 1080 

0.  0575 

2.  7826 

None. 

1.0330 

3.40    

86.60  i  8.9035  0.6300 

0.  3740 

0.0900 

0.  1200 

3.  0250 

None. 

l.OilO 

4.  60  ;6.  8280 

88.50  ]  5.7170  0.6375 

0.  3385 

0. 1350 

0.  1875 

2.  6472 

None. 

1.  02.50 

2.50    6.9740 

90.40     5.8565  0.66.50 

0. 2905 

0. 1620 

0,  0875 

0.  9726 

None. 

1.  0180 

2.80  J6.8G00 

90.30  i  5.6705 

0.  6375 

0.  4620 

0. 1625 

0.  0625 

1.0338 

None. 

Pho.<^. 

Malt- 

Dex- 

Dex- 

0. 22.3C 

acid. 

ose. 

trose. 

trine. 

1.0150 

3. 10   5. 1840 

91.60   4.0960  k  6120  'o,  2500 

0. 1000 

0.  5470 

0.5090     2.6260 

None. 

1.  U125 

5.20    5.4660 

89.  20   4. 1940  :0.  7870  :0.  2590 

0.  2250 

0. 1000 

0.3120 

1.1220     2.3010 

None. 

1.0155 

4.30    6.0400 

89.60   4.6870    0.8400    0.2410 

0.  2700 

0.1120 

0.  2040 

1.0580      2.6980 

None. 

1.0120 

5.20    5.0740 

89.60    3.7620  iO.  7700    0.2720 

0  2700 

0.1170 

0.75-10 

0.3910  ,  1.9670 

None. 

1.0150 

4.60    6.^960 

88.80    .5.6680  ,0.45.50    0.2100 

0.  1620 

0.  0850 

0.  6890 

0.84.50  i  3.5760 

Kone. 

1.0150 

4.60   6.3  680 

89.  20   4.  7000    0.  8570   ().  2950 

0.  3150 

0. 1200 

0.  0950 

0.  2060     2.  3750 

None. 

Analyses  made  hy  Professor  EngJeliardi  for  same  society. 


> 

C3 

li 

fcJD 

« 

3 

d 

o 

^ 

"3 

sa 
13- 

00 

^ 
o 

o 

Ash. 

:2^§  ■ 

& 

Vi  o 

^ 

^ 

02 

< 

H" 

^ 

p 

< 

^ 

fk 

<i 

Percent. 

Per  cent. 

1.0145 

4.25  1 

5.750 

90.00 

1.  420 

2.745 

0.599 

0.153 

0.302 

0.093 

None. 

1.0150 

3.70  1 

5.670 

90.  00 

1.  426 

2.680 

0.677 

0.174 

0.279 

0.107 

None. 

1. 0156 

3.70  ! 

5.770 

90.50 

1.590 

2.510 

0.706 

0.150 

0.309 

0.107 

None. 

1.0134 

4.25  1 

5.350 

90.30 

1.285 

2.563 

0.  319 

0.212 

0.319 

0.318 

None. 

1.0197 

3.50  i 

6.470 

89.90 

1.434 

3.159 

0.869 

0.150 

0.  321 

■0.076 

None. 

1.0187 

3.70  ; 

6.  462 

89.70 

1.563 

3.303 

0.760 

0.  202 

0.311 

0.078 

None. 

1.0120 

4. 10 

4.297 

90.00 

0.913 

2.037 

0.  624 

0.150 

0.321 

0  076 

None. 

1.  0175 

4.30  ! 

6.586 

89.00 

1.435 

3.141 

0.657 

0.123 

0.  337 

0.097 

None. 

1.0174 

4.20 

6.380 

89.40 

1.448 

3.004 

0.810 

0.212 

0.339 

0.098 

None. 

1.  0162 

4.25 

6.209 

89.50 

1.485 

3.033 

0.700 

0  212 

0.352 

0.098 

None. 

The  tables  furnished  above  constitute  about  all  the  analyses  oi 
American  beer  I  have  been  able  to  find  in  the  literature  I  have  access 
to.     Probably  more  have  been  i)ublished  in  the  trade  journals. 


ANALYSES  OF  BEERS  BY  THE  UNITED  STATES  DEPARTMENT  OF  AGRI- 
CULTURE. 

The  analyses  made  by  this  Department  comprise  33  samples,  this  be- 
ing about  all  the  different  brands  and  varieties  of  beers  of  domestic 
manufacture  obtainable  in  Washington.  The  investigation  was  made 
principally  with  a  view  to  ascertain  the  extent  and  nature  of  their 
adulteration,  if  any,  and  especially  the  use  of  antiseptic  and  preserva- 
tive agents.  As  a  basis  for  determining  adulteration,  however,  it  ij 
necessary  to  know  the  normal  or  average  composition,  so  a  fairly  com- 

J  Am.  A^nalyst,  April  1,  1887. 
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plete  analysis  of  all  samples  examined  has  been  made.  The  intention 
of  the  investigation  was  not  so  much  to  make  a  very  extensive  series 
of  analyses  as  to  establish  definite  methods  of  analj^sis  for  the  guidance 
of  analysts  of  state  boards  of  health  or  similar  bodies,  whose  pro- 
vince it  is  more  especially-  to  investigate  the  extent  of  adulteration  i:>re- 
vailing  in  their  States  by  the  examination  of  large  numbers  of  samples. 

SAMPLES. 

The  malt  liquors  used  as  samples  were  all  i^urchased  in  Washington, 
D.  C,  and  included  the  various  popular  brands  made  in  Milwaukee, 
Cincinnati,  Philadelphia,  Xew  York,  &c.,  which  are  sold  all  over  the 
country,  as  well  as  the  product  of  the  few  local  brewers.  Some  were 
obtained  from  wholesale  dealers,  but  the  majority  were  purchased  in 
retail  saloons  and  groceries,  without  statement  of  the  purpose  for  which 
they  were  intended.    All  the  draft  beers  were  obtained  in  this  way. 

A  few  English  and  G-erman  beers  and  ales  were  analyzed  for  com- 
parison. 
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METHODS   OF   ANALYSIS. 

In  the  work  on  malt  liquors  an  endeavor  has  been  made  to  simplify 
the  analyses  as  much  as  possible,  and  various  methods  have  been  tried 
with  this  end  in  view.  The  various  processes  given  are  believed  to  be 
the  best  possible  for  combining  rapidity  of  execution  with  sufficient  ac- 
curacy of  results. 

The  necessary  determinations  may  be  conveniently  divided  into  two 
classes  : 

1.  The  analysis  of  the  sample  proper,  comprising  determination  of 
the  density,  alcohol,  extract  or  total  solids,  original  gravity,  saccharine 
matter,  albuminoids, free  acid  (fixed),  free  acid  (volatile),  ash,  glycerine, 
phosphoric  acid,  and  carbonic  acid. 

2.  The  processes  for  the  detection  of  adulteration,  comprising  a  search 
for  substitutes  for  malt,  substitutes  for  hops,  preserving  ageuts  (sali- 
cylic acid,  borax,  suli^hites),  and  mineral  additions. 

ALCOHOL. 

The  estimation  of  alcohol  in  beers  and  wines  is  generally  made  in 
one  of  two  ways,  either  by  direct  distillation  and  determining  the 
alcohol  in  the  distillate,  or,  indirectly,  by  evaporating  the  alcohol  from 
a  sample  and,  obtaining  the  per  cent,  from  the  difference  in  specific 
gravity  of  the  sample  before  and  after  the  alcohol  has  been  driven  off. 
Authorities  differ  as  to  the  accuracy  of  the  indirect  method,  some  even 
holding  it  to  give  better  results  than  the  direct  estimation.  It  is  gen- 
erally recommended  to  use  both  methods,  as  the  one  gives  a  check 
over  the  other,  and  it  is  very  easy  to  carry  both  on  together,  as  the 
same  sample  which  is  used  for  the  distillation  can  be  used  for  the  de- 
termination of  the  density  of  the  de-alcoholized  solution,  provided  no 
tannin  is  used.  I  much  prefer  the  distillation  method,  and  have  adopted 
the  results  by  it  in  the  tables. 

I  have  almost  invariably  found  that  during  the  distillation  a  precip- 
itation of  flocculent  albuminous  matter  takes  place  in  the  flask,  evi- 
dently^ bodies  which  are  rendered  insoluble,  either  by  the  evaporation  of 
the  alcohol  or  acetic  acid,  or  by  the  heating  of  the  solution,  and  it  would 
seem  obvious  that  this  separation  of  solids  from  the  solution  would 
vitiate  more  or  less  the  results  by  the  indirect  method. 

For  the  distillation  method  lOOcc.  of  the  sample,  freed  from  carbonic 
acid  by  shaking,  are  measured  out,  rinsed  into  a  flask  with  about  50cc. 
water,  the  latter  connected  with  a  Liebig's  condenser,  and  lOOcc.  dis- 
tilled off.  The  sample  and  distillate  should  be  measured  at  the  same 
temperature.  The  specific  gravity  of  the  distillate  is  then  obtained 
by  means  of  an  accurately  tared  picnometer,  preferably  one  carrying  a 
thermometer,  so  that  the  weight  may  be  taken  at  exactly  15.5^  C.  The 
per  cent,  of  alcohol  in  the  distillate  is  then  obtained  by  reference  to  a 
table  giving  the  per  cent,  of  alcohol  in  solutions  of  different  specific 
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gravities,  of  wliicli  tables  Hebner's  are  the  best  in  use.  This  per  cent, 
multiplied  by  the  specific  gravity  of  the  distillate,  and  the  result  di- 
vided by  the  specific  gravity  of  the  original  sample,  gives  the  per  cent, 
of  alcohol  by  weight  contained  in  the  latter.  The  accuracy  of  the  oper- 
ation is  increased  by  weighing  the  sample  taken,  and  also  the  distillate. 
Then  the  weight  of  th  i  distillate  mulciplied  by  the  per  cent,  of  alcohol 
corresponding  to  its  specific  gravity  as  found  in  the  table,  and  the  re- 
sult divided  by  the  weight  of  the  sample  taken,  gives  the  per  cent,  of 
alcohol  by  weight  contained  in  the  la>tter. 

For  the  indirect  method  it  is  necessary  to  estimate  accurately  the 
specific  gravity  of  the  original  beer,  thoroughly  freed  of  carbonic  acid 
by  shaking  and  standing;  then  lOOcc.  or  any  conv^enient  quantity  is 
measured  out,  evaporated  to  half  its  bulk,  cooled,  and  made  up  to  its 
original  volume  with  water,  taking  care  to  have  the  solution  at  the  same 
temperature  as  the  sample  when  first  measure.l.  The  specific  gravity 
of  the  de-alcoholized  liquor  is  taken.  Then  the  specific  gravity  of  the 
original  sample  divided  by  the  specific  gravity  of  the  de-alcoholized 
solution  gives  the  specific  gravity  of  the  alcohol  evaporated,  from  which 
figure  the  per  cent,  of  alcohol  is  ascertained  by  reference  to  the  table. 
The  same  sample  which  is  used  for  distilling  can  be  very  conveniently 
used  for  this  determination  as  well. 


MALT    LIQUORS. 


285 


Sehner^s  alcohol  table. 
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3.00 

8 

6.71 

8.3G 

8 

11.77 

14.56 

7 

2.44 

3.07 

7 

6.78 

8.45 

7 

11.85 

14.65 

c 

2.50 

3.14 

G 

6.86 

8.54 

6 

11.92 

14.74 

5 

2.56 

3.21 

5 

6.93 

8.63 

5 

12.00 

14.84 

4 

2.61 

3.28 

4 

7.00 

8.72 

4 

12.08 

14.  93 

3 

2.67 

3.35 

3 

7.07 

8.80 

3 

12. 15 

1.5.02 

2 

2.72 

3.4J 

2 

7.13 

8.88 

2 

12.23 

1.5. 12 

1 

2.78 

3.49 

1 

7.20 

8.96 

1 

12.31 

15.21 

0 

2.83 

3.55 

0 

7.27 

9.04 

'             0 

12.  38 

15.30 

0.  9949 

2.89 

3.62 

0.  9879 

7.33 

9.13 

0.9809 

12.46 

15.40 

8 

2.94 

3.69 

8 

7.40 

9.21 

8 

12.54 

15.49 

7 

3.00 

3.76 

7 

7.47 

9.29 

7 

12.62 

15.58 

C 

3.06 

3.83 

6 

7.53 

9.37 

6 

12.69 

15.68 

5 

3.12 

3.90 

5 

7.60 

9.45 

5 

12.77 

15.  77 

4 

3.18 

3.98 

4 

7.67 

9.  .54 

4 

12.85 

15.86 

3 

3.24 

4.05 

3 

7.73 

9.62 

3 

12.92 

15.96 

2 

3.29 

4.12 

2 

7.80 

9.70 

13.  00 

16.  05 

1 

3.35 

4.20 

1 

7.87 

9.78 

1 

13.08 

16.15 

0 

3.41 

4.27 

' 

7.93 

9.86 

I            0 

13. 15 

16.24 

0.  9939 

3.47 

4.31 

0.9869 

8.00 

9.95 

0.  9799 

13.23 

16.33 

8 

3.  .53 

4.42 

1            8 

8.07 

10.03 

8 

13.  31 

16.43 

7 

3.59 

4.49 

!            7 

8.14 

10.12 

7 

13.38 

16.52 

6 

3.65 

4.56 

c 

8.21 

10.21 

G 

13.46 

16.61 

5 

3.71 

4.63 

5 

8.29 

10.30 

.5 

13.54 

16.70 

4 

3.76 

4.71 

4 

8.36 

10.38 

4 

13.62 

16.80 

3 

3.82 

4.78 

3 

8.43 

10.47 

3 

18.  G9 

16.89 

2 

3.88 

4.  85 

2 

8.50 

10.56 

2 

13.77 

16.98 

1 

3.94 

4.93 

!                 1 

8.57 

10.65 

1 

13.85 

17.08 

0 

4.00 

5.00 

'             0 

8.64 

10.73 

0 

13.92 

17.17 
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EXTRACT  OR  TOTAL  SOLIDS. 

This  can  also  be  obtained  either  directly,  by  weighing  or  measuring 
a  sample  into  an  open  dish,  driving  off 'the  moisture  at  100°  C.  until  a 
constant  weight  is  obtained,  or  indirectly,  by  calculation  from  the  spe- 
cific gravity  of  the  de-alcoholized  solutiou.  For  the  direct  estimation 
a  small  quantity  should  be  weighed  out;  10  grams  is  quite  sufficient, 
aud  5  grams  gives  still  better  results.  This  is  allowed  to  run  out  into 
a  thin  film  on  the  bottom  of  a  shallow  dish  having  an  area  of  several 
square  inches.  In  this  shape  it  is  very  readily  dried  to  a  constant  weight 
at  100^  G.,  while  if  a  larger  quantity  is  taken  this  becomes  quite  diffi- 
cult, and  it  is  necessary  to  use  a  higher  temperature.^ 

In  case  the  indirect  method  is  used  the  per  cent,  of  extract  may  be 
obtained  from  one  of  the  various  tables  in  use  or  by  dividing  the  differ- 
ence between  the  specific  gravity  and  1.000  by  the  factor  3.86.  The 
result  obtained  is  the  number  of  grams  of  solid  matter  in  lOOcc.  of  the 
beer,  and  must  be  divided  by  the  specific  gravity  of  the  original  beer  to 
get  the  exact  per  cent. 


ORIGINAL   GRAVITY. 

The  ^'original  gravity"  of  beer  is  the  specific  gravity  of  the  wort 
from  which  it  was  made,  before  fermentation.  This  is  ascertained  by 
computation  from  data  given  by  the  alcoholic  content  and  the  malt  ex- 
tract contained  in  the  de-alcoholized  liquid.  The  specific  gravity  of 
the  alcoholic  distillate  (or  the  specific  gravity  of  the  alcohol  evapo- 
rated, if  the  indirect  method  is  used)  when  subtracted  from  1.000  gives 
a  number  called  the '^spirit  indication."  The  degrees  of  gravity  lost 
are  then  ascertained  by  reference  to  the  tablegiven  below.  The  degrees 
found  are  added  to  the  specific  gravity  of  the  de-alcoholized  beer,  and 
the  number  thus  obtained  is  the  original  gravity. 

The  following  table  was  calculated  by  Graham,  Hofmann,  and  Eed- 
wood  from  actual  experiments  on  malt  worts  fermented  under  normal 
conditions: 

1  The  following  duplicate  determiaations  show  very  satisfactory  agreement  in  the 
results  obtained  by  using  a  small  quantity  for  drying  : 


Ko.  4800. 

No.  4801. 

No.  4804. 

No.  4817. 

1      .... 

4.25 
4.16 

5.40 
5.40 

4.52 

4.58 

4.67 
4.62 

2 
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Degrees  of 

1 

i 

spirit 

.0 

.1 

.2 

.3 

.4 

.5 

.6 

.7 

.8 

.9 

indication. 

0 

.3 

.6 

.9 

1.2 

1.5 

1.8 

2.1 

2.4 

2.7 

1 

3.6 

3.3 

3.7 

4.1 

4.4 

4.^ 

5.1 

5.5 

5.9 

6.2 

2 

6.6 

7.0 

7.4 

7.8 

8.2 

8.6 

9.0 

9.4 

9.8 

10.2 

3 

10.7 

11.1 

11.5 

12.0 

12.4 

12.9 

13.3 

13.8 

14.  2 

14.7 

4 

15.1 

15.5 

16.0 

16.4 

16.8 

17.3 

17.7 

18.2 

18.6 

19.1 

5 

19.5 

19.9 

20.4 

20.9 

21.3 

21.8 

22.2 

22.7 

23.1 

23.6 

6 

24.1 

24.6 

25.0 

25.5 

26.0 

26.4 

26.9 

27.4 

27.8 

28.3 

7 

28.8 

29.2 

29.7 

30.2 

30.7 

31.2 

31.7 

32.2 

32.  7 

33.2 

8 

33.7 

34.3 

34.8 

35.4 

35.9 

36.5 

37.0 

.S7.  5 

38.0 

38.6 

9 

39.1 

39.7 

40.2 

40.7 

41.2 

41.7 

42.2 

42.7 

43.2 

43.7 

10 

44.2 

44.7 

45.1 

45.6 

46.0 

46.5 

47.0 

47.5 

48.0 

48.5 

11 

49.0 

49.6 

50.1 

50.6 

51.2 

51.7 

52.2 

52.  7 

53.  3 

53.8 

12 

54.3 

54.9 

55.4 

55.9 

56.4 

56.9 

57.4 

57.9 

58.4 

58.9 

13 

59.4 

GO.  0 

6n.5 

61.1 

61.6 

62.2 

62.7 

63.3 

63.8 

64.3 

14 

64.8 

65.4 

65.9 

66.5 

67.1 

67.6 

68.2 

68.7 

69.  3 

69.9 

15 

70.5 

71.1 

71.7 

72.3 

72.9 

73.5 

74.1 

74.4 

75.3 

75.9 

A  conteut  of  acetic  acid  above  0.1  y>qv  cent,  somewhat  vitiates  the  re- 
sults given  bj^  the  table,  and  a  correction  is  necessary.  The  manner  of 
makiug  this  correction  may  be  ascertained  by  consulting  Allen,^  or 
any  of  the  standard  works,  which  give  also  tables  for  the  calculation  of 
the  actual  weight  of  malt  used  in  the  wort. 

Below  is  given  a  table  showing  the  results  obtained  from  the  samples 
analyzed,  by  the  direct  and  indirect  methods  ; 

Conqyarison  of  direct  and  indirect  methods  of  estimating  alcohol  and  extract  in  malt  liquors. 
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SACCHARINE  MATTER. 

The  saccliarine  matter  ia  beer  consists  principally  of  maltose  and 
dextrin,  witli  probably  a  small  proportion  of  dextrose.  The  greater 
part  of  the  entire  extract  is  composed  of  these  different  carbohydrates. 
The  proportion  of  maltose  to  dextrin  is  of  considerable  importance  in 
judging  of  the  quality  of  a  beer.  The  dextrin  contributes  to  the  "full- 
ness'^ (vollmlindigkeit)  of  the  taste,  and  a  larger  proportion  of  dextrin 
to  extract  makes  a  beer  of  good  ''body."  The  method  of  brewing  is  said 
to  have  an  imi^ortaut  influence  upon  the  relative  proportions  of  maltose 
and  dextrin.  The  determination  of  the  percentages  of  these  sugars 
is,  therefore,  quite  an  important  one  as  showing  the  nature  and  quality 
of  the  sample,  though  not  of  much  utility  in  detecting  adulterations. 
The  usual  method  is  to  estimate  the  maltose  by  Fehling's  solution,  and 
the  dextrin,  if  it  is  reported  at  all,  is  obtained  by  difference  from  the 
total  solids.  So  little  is  known  of  the  saccharine  bodies  already  existing 
in  the  grain  and  of  the  products  of  the  conversion  of  starch  into  sugars, 
that  their  separate  estimation  is  rather  unsatisfactory. ^  The  dextrin  may 
be  determined  directly  by  precipitating  with  alcohol,  washing  and  weigh- 
ing. The  results  are  sufficiently  accurate  for  commercial  purposes,  ac^ 
cording  to  J.  West  Knights,^  who  employed  it  upon  worts. 

Graham  estimates  the  maltose  and  dextrin  in  beer  worts  by  the  use 
of  Fehling's  solution  before  and  after  inversion.^  The  cupric  oxide  re- 
ducing power  is  determined  gravimetrically,  lOcc.  are  measured  out  and 
diluted  to  lOOcc. ;  20cc.  of  this  solution  are  used  to  30cc.  Fehling's  solu- 
tion. The  weight  of  CuO  obtained,  multiplied  by  0.7314  gives  the 
amount  of  maltese  in  the  quantity  of  diluted  liquid  employed.  The 
maltose  having  been  determined,  lOcc.  of  the  wort  are  mixed  with  3cc. 
of  sulphuric  acid,  diluted  to  lOOcc.  and  inverted  by  heating  to  100^ 
C,  for  3  to  4  hours  in  a  flask  furnished  with  a  long  tube.  The  vol- 
ume of  the  solution  is  again  made  up  to  lOOcc,  lOcc.  carefully  measured 
or  weighed,  neutralized  with  sodium  carbonate,  and  the  reducing  power 
determined  by  heating  with  Fehling's  solution,  in  the  same  way  as  be- 
fore. The  percentage  of  dextrin  is  then  calculated  as  fallows :  Mul- 
tiply half  the  weight  of  CuO,  obtained  by  the  action  of  Fehling's  solu- 
tion on  2cc.  of  the  original  wort  by  1.72,  and  subtract  the  product  from 
the  CuO  obtained  from  the  inverted  solution  (=  Ice.  of  the  original). 
The  difference  multiplied  b}'  40.8  gives  the  grams  of  dextrin  in  lOOcc. 
of  the  original  wort. 

This  method  was  applied  to  the  samples  analyzed  with  very  unsatis- 
factory results.  In  some  cases  the  sum  of  the  maltose  and  dextrin 
determined  in  this  way  exceeded  the  amount  of  total  extract,  while  in 
other  cases  the  per  cent,  of  dextrin  was  a  minus  quantity.  This 
method  was  therefore  abandoned.      The  results  given  were  obtained  by 

1  Recent  work  on  this  problem  has  been  published  by  O'SuUivan,  Jour.  Chem.  Soc, 
Jan.,  1886,  p.  58. 

'■^Allen's  Organic  Analysis  1,  274. 
3Analyst7,  211. 
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the  following  method  taken  from  Allen.'  The  maltose  was  estimated  by 
Fehliug's  solution,  YoUimetrically,  by  the  method  in  nse  in  this  laboratory 
for  the  determination  of  cnpric  oxide  reducing  power.-  The  polariza- 
tion is  then  observed  in  the  original  beer,  the  clarification  being  accom- 
plished by  means  of  lead  acetate.  The  reading  is  taken  on  the  circular 
scale,  and  constitutes  the  total  circular  rotation.  The  number  of  grams 
of  maltose  in  lOOcc.  of  the  beer  having  been  ascertained  from  the  results 
obtained  with  Fehling's  solution,  it  is  multiplied  by  2.78,  which  gives 
the  rotation  due  to  maltose  :  this  result  is  deducted  from  the  total  rota- 
tion, which  gives  the  rotation  due  to  dextrin.  The  angle  found,  divided 
by  3.8G  or  multiplied  by  .259,  gives  the  grams  of  dextrin  in  ]00cc  of  the 
solution.  These  figures  are  based  on  the  assumption  that  the  polari- 
scope  used  is  one  in  Avhich  monochromatic  light  is  employed,  and  that 
the  liquid  is  observed  in  a  tube  200  millimeters  in  length.  By  dividing 
the  grams  per  lOOcc.  by  the  density  of  the  beer,  the  actual  percentage 
of  maltose  and  dextrin  will  be  ascertained. 

As  considerable  interest  is  attached  to  the  nature  of  the  polarizing 
bodies  in  malt  liquors,  I  append  the  polarization  given  by  the  samples 
examined.  It  is  a  very  easy  and  satisfactory  determination  to  make, 
the  beers  being  readily  clarified  b}'  acetate  of  lead,  giving  bright,  clear 
solutions.  The  figures  given  are  in  divisions  of  the  cane-sugar  scale, 
and  for  the  normal  beer,  the  dilution  of  one-tenth  incident  upon  the  ad- 
dition of  the  lead  being  corrected  by  reading  in  a  220-millimeter  tube; 
the  instrument  emi^loyed  was  a  Laurent  polariscope,  in  which  mono 
chromatic  light  is  employed. 


Serial 

Iformal 

Serial 

Xormal 

number. 

polarization. 

number. 

polarization. 

4800 

0 

42.3 

4817 

0 

77.6 

4801 

61.3 

4818 

79.4 

4802 

66.6 

4819 

18.7 

4803 

33.9 

4820 

45.8 

4804 

52.5 

4821 

57.2 

4805 

74.4 

4822 

42.8 

4806 

60.4 

4823 

33.1 

4807 

50.4 

4824 

82.5 

4808 

74.8 

4825 

68.6 

4810 

93.0 

4826 

69.7 

4811 

47.5 

4827 

47.8 

4812 

55.8 

4828 

87.6 

4813 

72.2 

4842 

75.4 

4814 

57.5 

4843 

78.2 

4815 

45.5 

4844 

78.8 

48IG 

65.8 

4845 

74.8 

The  polarization  was  in  all  cases  right-handed. 

ALEUMIXOID   3IATTERS. 

The  albuminoids  were  determined  by  weighing  10  grams  of  the  beer 
into  a  schiilchen,  evaporating  to  dryness,  and  burning  with  soda  lime 
in  the  usual  way.     The  nitrogen  found  x  0.25  is  given  as  the  per  cent- 


Page  275, 


-Fully  described  ia  BuHetia  No,  15,  page  3^, 
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age  of  albuminoids.  Graham  determines  the  nitrogen  by  '•  Wank- 
lyuiziug"  the  beer  as  in  water  analysis.  The  determination  of  the 
nitrogenous  matters  In  beer  is  important  in  enabling  the  analyst  to 
form  an  opinion  on  the  question  whether  substitutes  for  malt  were  used 
in  its  manufacture,  as  saccharine  matter  derived  from  sources  other 
than  grain  have  little  nitrogenous  content.  Too  large  an  amount  of 
albuminous  matter  is  injurious  to  the  keeping  qualities  of  the  beer. 

The  KjeldahP  method,  which  was  originally  devised  by  its  inventor 
for  aj) plication  to  the  determination  of  nitrogen  in  beers  and  worts,  may 
also  be  used. 

FEEE   ACIDS. 

The  ideas  of  chemists  in  regard  to  the  nature  of  the  acidity  of  nor- 
mal beer  have  undergone  considerable  change  in  the  last  two  or  three 
years.  It  was  formerly  considered  to  be  principally  due  to  -the  pres- 
ence of  lactic  acid,  witli  a  small  quantity  of  succinic  and  other  acids, 
but  is  now  considered  to  be  due,  for  the  greater  x^art,  to  acid  phos- 
phates. Acetic  acid  is  present  only  to  a  very  limited  extent  in  normal 
beer,  its  presence  in  any  considerable  quantities  being  proof  of  the 
''souring"  of  the  beer,  Ott^  has  shown  the  difficulty  of  ascertaining 
the  exact  i^oint  of  neutralization  in  beer,  as  by  the  addition  of  alkali 
to  the  acid  phosphates  the  reaction  becomes  '' amphoteric"  from  the 
simultaneous  formation  of  both  i^rimary  and  secondary  i^hosphates, 
and  the  establishment  of  the  point  of  neutralization  by  the  reaction 
with  litmus  paper  is  very  difficult.  iSTo  better  means  of  determining 
acidity  in  beer  has  been  proposed,  however,  and  I  have  used  the  ordi- 
nary method  of  adding  standard  alkali  until  a  drop  placed  on  neutral 
litmus  paper  x^roduces  no  alteration  of  color.  50cc  are  conveniently 
taken  for  this  determination,  freed  from  carbonic  acid  and  titrated  with 
decinormal  alkali.  The  acidity  can  be  given  directly  as  cubic  centime- 
ters of  normal  alkali  required  for  lOOcc.  ot  beer,  or  reckoned  as  lactic 
acid.  The  volatile  acids,  when  it  is  necessary  to  determine  them  sep- 
arately, as  in  the  case  of  soured  beer,  may  be  best  estimated  by  dis- 
tillation in  a  current  of  steam,  as  described  under  wine,  all  methods 
for  their  estimation  by  difference  by  evaporating  the  beer  to  dryness 
and  titrating  the  residue  having  been  shown  to  be  faulty. 

The  Bavarian  chemists,^  at  their  last  meeting  in  1886,  adopted  the 
figure  of  3cCc  normal  alkali  for  lOOcc.  beer  as  a  maximum  limit  for  a 
normal  beer. 

ASH. 

The  ash  may  best  be  determined  by  burning  the  residue  from  100 
cc.  of  beer  at  a  very  low  red  heat  in  a  muffle.     The   ash  obtained 

'  Zeit.  Anal.  Chem.  1883,366,  for  reference  to  the  modifications  of  the  method,  see 
Bulletin  No.  12,  U.  S.  Depart.  Agriculture,  Division  of  Chemistry,  p.  55. 

2 Zeit.  Anal.  Chem.  24,132. 

^Ber.  ii.  d.  flinfte  Yer.  der  Freien  Yerein  Bay.  Yer.  d.  angewandten  Chem.  zu., 
Wiirzhurg,  Berlin,  1887. 
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should  be  subjected  to  a  qualitative  examiuatiou,  with  a  view  to  ascer- 
taining if  any  mineral  substances  liave  been  added  to  the  beer. 

GLYCERINE. 

The  estimation  of  glycerine  is  a  troublesome  and  unsatisfactory  de- 
termination to  make,  and  as  the  information  obtained  in  the  case  of 
beer  is  not  sufficient  to  repay  the  labor  of  the  analysis,  excei)t  in  special 
cases,  I  have  omitted  it. 

The  following  method  is  used  by  the  Bavarian  chemists  :  50cc.  of  beer 
are  treated  with  about  3  grams  of  quicklime,  evaporated  to  a  sirup, 
then  mixed  with  about  10  grams  coarsely  powdered  marble  or  sand,  and 
brought  to  dryness.  The  entire  dried  mass  is  transferred  to  an  extraction 
apparatus,  and  extracted  for  six  or  eight  hours  with  not  over  oOcc.  strong 
alcoliol.  To  the  slightly  colored  extract  is  added  an  equal  volume  of 
water-free  ether,  and  the  solution  after  standing  a  short  time  is  poured 
into  a  weighed  flask,  or  filtered  through  a  small  filter,  which  is  after- 
wards washed  with  a  little  ether-alcohol.  After  the  evaporation  of  the 
ether  and  alcohol  the  residue  is  dried  in  the  air  bath  at  100^  to  105°  0.  in 
a  loosely-closed  flask,  until  the  losses  in  weight  are  constant.  With 
beers  that  are  very  rich  in  extract,  the  ash-content  of  the  glycerine  may 
be  determined  and  deducted  from  the  total  weight. 

The  methods  recently  published  for  the  estimation  of  glycerine  by 
its  conversion  into  carbonic  acid  by  sulphuric  acid  and  bichromate  of 
potash  have  been  utilized  for  its  determination  in  fermented  liquors  by 
Legler^  and  promise  to  prove  more  exi^editious  and  exact  than  the 
old  methods. 

PHOSPHORIC    ACID. 

The  phosphoric  acid  was  determined  by  means  of  a  standard  solution 
of  uranium  acetate,  except  in  the  case  of  a  few  very  dark-colored  samples, 
when  the  analysis  was  made  gravi metrically  from  the  ash  by  precipita- 
tion with  ammonium  molybdate,  in  the  usual  way. 

CARBONIC   ACID. 

Most  investigators  have  given  very  little  attention  to  the  determination 
of  the  carbonic  acid  in  beer,  regarding  it  as  of  little  importance  in  form- 
,      ing  an  estimate  of  the  quality  of  the  sample  examined.     The  practical 
I     consumer,  however,  is  of  quite  a  different  opinion  and  condemns  imme- 
diately a  beer  which  is   "flat"  or  insufficiently  carbonated,  however 
;      worthy  it  may  be  in  other  respects.     The  reason  for  its  unimportance 
I      as  a  determination  is  found  in  the  difficulty  of  the  accurate  estimation 
in  the  beer  as  supplied  to  the  customer.     The  usual  method  of  deter- 
I      mining  it  is  to  measure  or  weigh  out  a  convenient  quantity  of  the  beer 
into  a  flask,  connect  the  latter  either  with  an  absorbing  apparatus  for 

1  Rep.  Aual.  Chem.  47  Analyst,  1887,  14.     See  further  under  wine. 
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the  estimation  of  the  CO2  direct;  or  with  a  suitable  apparatus  for  the 
retention  of  water,  thus  estimating  it  "by  loss  or  indirectly,  its  liberation 
from  the  beer  being  accomplished  by  the  aid  of  heat.  But  this  manner 
of  manipulation  gives  simply  the  amount  of  carbonic  acid  capable  of 
being  held  in  solution  by  a  liquid  of  the  density  and  temperature  of  the 
beer  when  it  was  measured  out,  supposing  ifc  to  have  been  fully  charged 
previously.  The  excess  of  gas  above  the  saturation  point,  however, 
which  is  held  by  the  beer  so  long  as  ifc  is  kept  under  pressure,  or  at 
a  low  temperature,  escapes  as  soon  as  the  pressure  is  removed  and  gives 
the  beer  its  ^'  head,"  which  is  so  desirable  a  qualification.  This  excess 
of  gas  soon  passes  off,  but  during  this  short  interval  the  beer  is  drank. 
The  i)roblem  is  to  estimate  the  carbonic  acid  just  as  ifc  exists  in  the  beer 
as  ifc  is  consumed.  This  is  a  difificulfc  matter  with  beer  contained  in 
casks  or  kegs,  though  it  might  be  done  by  drawing  the  sample  off  by 
gas-tight  connections  as  in  gas  analysis.  But  where  the  beer  is  fur- 
nished in  stoppered  bottles  ifc  is  an  easy  matter  and  furnishes  a  most 
valuable  index  as  to  the  freshness  aud  proper  preparation  of  the  beer. 
Where  secondary  fermentation  or  souring  has  set  in,  there  will  be  an 
excess  of  carbonic  acid  aud  the  beer  will  have  become  cloudy. 

Where  there  is  a  good  content  of  carbonic  acid,  but  the  acidity  of 
the  beer  is  very  low,  the  indications  are  that  bicarbonate  of  soda  has 
been  added. 

Hassall  speaks  of  the  estimation  of  CO2  in  bottled  aerated  waters,  the 
gas  being  drawn  off  b}^  means  of  a  champagne  tap,  and  Dr.  Wiley^ 
has  estimated  the  CO2  in  koumiss  in  that  way,  using  a  calcium  chloride 
tube  for  retention  of  the  water  carried  off  by  the  gas,  and  estimating  it 
by  difference,  the  whole  bottle  being  weiglied.  In  applying  this  form  of 
apparatus  to  beer  considerable  difficulty  was  experienced  on  account  of  the 
viscosity  of  the  liquid  •  the  bubbles  formed  were  so  tenacious  that  when 
the  bottle  was  connected  directly  with  a  calcium  chloride  or  suliihurio 
acid  tube,  the  latter  would  become  filled  with  the  beer  in  a  very  short 
time.  This  difficulty  was  obviated  b^^  the  use  of  the  form  of  apparatus 
shown  in  the  accomj^anying  figure,  devised  by  Mr.  T.  0.  Trescot  and 
myself. 

The  cork  of  the  bottle  is  pierced  with  a  champagne  tap,  and  this  is 
connected  with  an  Erlenmeyer  flask,  in  the  broad  bottom  of  which  the 
bubbles  are  broken  and  not  allowed  to  pass  beyond  it ;  next  comes  a 
U  tube  filled  with  sulphuric  acid,  then  a  calcium  chloride  tube,  then  a 
soda  lime  tube  to  absorb  the  dried  CO2.  The  bottle  of  beer  is  placed 
in  a  convenient  vessel — an  empty  ether  can  with  the  tap  cut  away 
answers  admirably,  as  shown  in  the  cut — which  is  nearly  filled  with 
cold  water.  After  the  apparatus  is  connected  the  tap  is  opened  slowl 
and  the  gas  allowed  to  flow  through  the  apparatus;  when  it  ceases  to] 
flow  spontaneously  a  burner  is  placed  under  the  can  and  the  tempera 

"^  i  Am,  Cljem.  Jour,  1888,     Ann,  Kept.  IJ.  S,  Dept.  Agr'l.,  1885,  p.  11^, 
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ture  gTacliially  raised  uutil  it  reaches  80°  C,  beyoiid  whicli  it  slioiild 
not  be  carried.  By  holding  ic  at  this  temperature  for  about  half  an  hour 
and  taking  the  bottle  out  .of  the  can  and  shaking  it  occasionally  all  the 
CO2  may  be  driven  oft*.  Then  the  tube  from  a  suction  pump  is  con- 
nected with  a  calcium  chloride  tube  and  this  in  turn  with  the  soda  lime 
tube.  The  valve  of  the  tap  is  then  closed,  the  latter  removed  from  the 
bottle,  connected  with  a  soda  lime  tube,  and  by  gradully  opening  the 
valve,  a  stream  of  air,  from  which  the  OO3  has  been  removed,  is  drawn 
through  the  apparatus  by  the  pump,  so  that  all  the  CO2  contained  in  it 
is  drawn  into  the  soda  lime  tube  and  absorbed;  the  increase  in  the 
weight  of  the  latter,  of  course,  gives  the  weight  of  CO2  in  the  beer.  The 
quantity  of  the  beer  is  measured  or  weighed,  that  which  has  been  car- 
ried into  the  Erlenmeyer  flask  being  added,  and  the  per  cent,  ascer- 
tained. 

In  the  case  of  large  bottles  it  may  be  found  necessary  to  add  a  second 
soda  lime  tube,  and  it  is  best  to  use  fresh  soda  lime  for  each  determina- 
tion. It  was  found  necessary  to  modify  the  champagne  taps,  as  the 
thread  with  which  they  are  provided  cuts  the  cork  too  much  and  allows 
the  escape  of  the  gas.  Accordingly  this  thread  was  turned  off  entirely, 
leaving  a  smooth  tube,  as  shown  in  the  figure. 


Fig.  15. 

This  can  be  forced  through  the  cork  with  little  difficulty,  and  allows 
no  leakage  of  gas.  It  was  also  found  necessary  to  have  the  cocks  re- 
ground  to  inake  them  fit  accurately. 

The  i:)atent  rubber-stopper  beer  bottles  presented  a  difficulty  to  this 
method  of  anaysis,  as  it  was  impossible  to  make  a  gas-tight  connection 
with  them  without  the  escape  of  the  confined  gas.  In  these  the  gas 
was  estimated  by  loss  of  weight,  calcium  chloride  and  sulphuric  acid 
tubes  and  connections  being  weighed  with  the  bottle  on  a  large  bal^^ 
ance,  the  bottle  opened  and  connection  made  as  quickly  as  possible,  thef* 
gas  driven  off'  as  before,  and  the  loss  ascertained  by  weighing  the  en- 
tire apparatus  again.  It  is  necessary  to  raise  the  heat  very  gradually 
to  prevent  the  filling  up  of  the  tubes  with  the  beer  carried  over  bj^  the 
bubbles.  There  is  a  slight  error  from  the  watery  vapor  which  escapes 
with  the  pressure  of  gas  when  the  bottle  is  opened,  and  altogether  the 
determination  is  not  so  satisfactory  as  with  the  cork- stoppered  bottles. 
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The  percentage  of  CO2  iu  the  keg*  beers  was  not  determined.  For  cou- 
venience  of  inspectiou  the  results  of  the  determinations  made  are  given 
aofain  below : 


Number. 

Percent.  CO2. 

Xumber. 

Percent.  CO2., 

1 

4800 

.411 

4817 

.629 

4001 

.300 

4818 

.344 

4802 

.489 

4820 

.503 

4803 

.415 

4821 

.397 

4804 

.328 

4827 

.441- 

4805 

.471 

4828 

.592 

4806 

.717 

1          4843 

.242 

4807 

.219 

4845 

.265 

4808 

.324 

Xos.  4801-4803  and  4806  had  rubber  stoppers,  the  rest  cork.  :N'o.  40G8 
was  evidently  in  a  state  of  after-fermentation,  cloudy,  and  acid ;  ex- 
cluding that  analysis,  the  16  others  gave  an  average  of  .398  per  cent. 
Most  authorities  give  an  average  of  .1  to  .2  per  cent,  in  beer.  In  ^os. 
4801  and  4804  duplicate  analysis  were  with  different  bottles  of  the 
same  lot,  with  the  following  results  : 


1. 

2. 

No.  4801 

1 
.  294     .  307 

No.  4804 

.  329     .  327 

1 

DETECTION  OF  ADULTERATION. 

Probably  there  is  no  one  article  of  daily  consumption  that  has  been 
so  often  subject  to  suspicion  of  adulteration  or  sophistication  as  beer. 
Its  complex  composition  and  peculiar  nature  have  deceived  people  into 
making  all  sorts  of  charges  against  its  purity,  but  experience  has 
tailed  to  establish  the  truth  of  b}^  far  the  greater  majority  of  these 
charges,  and  the  facts  of  many  jiublished  analyses  show  that  it  is  as 
free  from  adulteration  as  most  other  articles  of  consumption,  and  more 
so  than  some.  Here  comes  in  the  question,  so  difficult  to  answer  in  this 
country,  of  what  constitutes  adulteration  or  sophistication  of  an  article 
of  food  ?  The  definition  of  what  shall  constitute  a  pure  malt  liquor  is 
hard  to  settle.  Even  in  Europe,  where  a  much  stricter  supervision  is 
kept  over  foodstuffs  than  here,  the  definition  varies  widely.  In  Ba- 
varia, where  more  beer  per  capita  is  consumed  than  in  any  other  coun- 
try, the  laws  limit  the  materials  from  which  it  is  made  to  barley,  malt, 
hops,  yeast,  and  water,  while  in  England  the  comprehensive  definition 
has  been  given  to  beer  as  being  ''  a  fermented  saccharine  infusion  to 
Avhich  a  wholesome  bitter  has  been  added."  ^ 

SUBSTITUTES   FOR   MALT. 

A  great  deal  has  been  said,  pro  and  con,  on  the  subject  of  the  pro- 
priety of  the  use  of  other  matter  than   malted  barley  as  a  source  of 

1  Blyth. 
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saccharine  material  for  brewing  purposes.  There  may  be  said  to  be 
three  ways  of  substituting  saccharine  material.  First,  other  grain  may 
be  used  for  malting;  second,  unmalted  starchy  matter,  that  is  whole 
grain,  may  be  added  to  the  malt  before  it  is  mashed,  the  latter  being 
diluted  as  it  were,  for  the  diastase  in  the  malt  has  converting  i)ower 
sufficient  for  considerably  more  starch  than  is  contained  in  itself; 
third,  the  saccharine  matter  may  be  supi^liedalread}^  converted,  as  in 
commercial  starch-sugar,  or  glucose,  cane  sugar,  inverted  cane  sugar, 
&c.  Of  these  different  substitutes  the  third  class  is  probably  the  more 
objectionable,  as  beer  brewed  from  such  saccharine  matter  is  lacking 
in  various  constituents  derived  from  the  grain,  which  are  important 
additions  to  its  nutritive  power,  namely,  the  phosphatic  salts  and  the 
nitrogenous  bodies. 

In  much  the  same  way  would  bread  made  from  starch  alone  be  lack- 
ing in  nutritive  value. 

There  is  no  way  of  determining  directly  or  absolutely  that  a  beer  has 
been  brewed  partially  from  glucose,  but  it  may  be  inferred  from  its 
small  content  of  those  constituents  which  are  contained  in  malt,  but 
not  in  glucose,  such  as  phosphoric  acid  and  albuminoids,  and  the  exist- 
ence in  the  ash  of  large  proportions  of  such  salts  as  are  known  to  form 
a  large  part  of  the  ash  of  commercial  starch-sugar,  as  sulphates.  Konig 
gives  .05  per  cent,  of  phosphoric  acid  as  the  lowest  limit  for  a  beer  con- 
taining 5  per  cent,  of  extract  or  over. 

The  association  of  Bavarian  chemists  depends  on  the  estimation  of 
the  nitrogen  for  the  detection  of  the  use  of  malt  substitutes,  and  estab- 
lishes the  minimum  of  .65  per  cent,  of  nitrogen  (4  per  cent,  of  albumi- 
noids) in  the  extract.  It  is  very  evident  that  these  figures  are  too  high 
for  American  beers;  onl}'  two  of  the  samples  examined,  Xos.  4821  and 
4823,  contain  less  than  .05  -per  cent,  of  phosphoric  acid,  and  these  are 
both  imported  beers;  while  the  average  content  of  the  samples  of 
American  beer  is  .077.  Not  a  single  one  of  the  samples  contains  as  low 
as  .65  i>er  cent,  of  nitrogen  in  the  extract,  most  of  them  containing 
about  1  per  cent.,  while  some  give  over  2  i^er  cent.  Dr.  Englehardt's 
samples  show  a  still  higher  average  per  cent,  of  phosphoric  acid.  Un- 
fortunately there  was  no  determination  of  the  albuminoids  in  his  sam- 
ples. Yet  it  is  a  well-known  fact  that  very  few  beers  are  made  in  this 
country  without  more  or  less  malt  substitution.  Xo thing  can  settle 
this  point  and  enable  the  analyst  to  decide  positively  whether  malt  sub- 
stitutes have  been  used  until  a  standard  is  established  by  the  analysis 
of  a  large  number  of  samples  known  to  be  brewed  from  pure  malt  alone. 

SUBSTITUTES  FOR   HOPS. 

The  nature  of  the  bitters  used  in  beer  has  long  been  the  target  to- 
wards which  public  suspicion  is  directed,  and  nearly  every  substance 
known  possessing  a  bitter  taste  has  been  enumerated  among  the  adul- 
terations of  beer,  from  poisonous  alkaloids,  such  as  strychnin  and  pic- 


MALT    LIQUORS.  297 

rotoxin,  to  harmless  or  quasi-liarinless  bitter  roots  and  woods,  such  as 
quassia,  geiitiau,  &c.  Complete  aud  exhaustive  schemes  of  analysis 
have  beeu  compiled,  such  as  Dragendorff's,  Ender's,  &c.,  for  the  detec- 
tion and  isolation  of  such  foreign  bitters.  Either  these  methods  of 
investigation  are  faulty  or  difficult  of  manipulation,  or  the  use  of  for- 
eign bitters  is  very  much  less  i^jrevalent  than  is  generally  supposed,  for 
the  cases  where  such  bitters  have  been  detected  and  isolated  are  very 
scarce  in  chemical  literature.  In  fact,  Eisner,  a  G-erman  authority  on 
food  adulterations,  goes  so  far  as  to  say  that  there  has  never  been  a 
case  where  the  existence  of  a  foreign  bitter  in  a  malt  liquor  has  been 
proven  with  certainty.  This  is  going  too  far,  of  course^  for  picrotoxin 
and  i)icric  acid  have  undoubtedly  been  found  in  beers,  and  probably 
more  cases  of  such  adulteration  would  occasionally  have  been  discovered 
were  it  not  for  the  difficulty  of  the  analysis  and  the  small  quantity  of 
matter  required  for  imparting  a  bitter  taste.  But  there  is  probably 
much  less  of  this  hop  substitution  than  the  space  given  it  in  works  on 
the  subject  would  indicate.  Hops  not  only  give  the  bitterness  to  beer 
but  also  impart  to  it  its  i^eculiar  aroma,  and  enhance  its  keeping  qual- 
ities, and  unless  it  were  at  a  time  when  they  were  very  dear  it  would 
hardly  pay  the  brewer  to  sacrifice  the  good  flavor  and  keeping  qualities 
of  his  beer  in  order  to  save  a  few  cents  a  pound  in  his  bitters. 

It  is  stated  by  authorities  on  the  subject  that  the  bitter  matter  of 
hops  is  precii)itated  by  acetate  of  lead,  while  with  all  hop  substitutes 
the  filtrate  from  the  lead  precipitate  retains  its  bitter  taste.  The  ex- 
cess of  lead  should  be  precipitated  by  sulphureted  hydrogen  before  the 
filtrate  is  tasted  for  bitterness.  I  examined  qualitatively  by  this  test  all 
the  samples  analyzed  and  found  them  all  free  from  foreign  bitters  ac- 
cording to  it,  with  one  exception,  No.  4811,  which  contained  a  bitter 
other  than  hops,  though  not  in  sufficient  quantity  to  admit  of  its  sep-' 
aration  and  identification.  All  the  samples  except  Nos.  4801,  4811,  and 
4815  gave  a  i)laiuly  perceptible  odor  of  hops  in  the  distillate.^ 

PRESERVING  AGENTS. 

We  come  now  to  what  I  consider  the  most  important  sophistication 
of  beer  at  the  present  day  and  the  most  reprehensible  and  most  deserv- 
ing of  repressive  legislation.  The  use  of  artificial  preserving  agents  not 
only  introduces  foreign  matters  into  the  beer  which  are  more  or  less  in- 
jurious, according  to  the  nature  of  the  material  used,  but  also  serves  to 
cover  up  and  hide  the  results  of  unskillful  brewing  or  unfit  materials ; 
giving  to  the  public  for  consumption  a  liquor,  that,  if  left  to  itself  under 
natural  conditions,  would  have  become  offensive  to  the  senses  and  putrid 
with  corruption  long  before  it  was  offered  for  sale. 

The  only  means  of  preservation  allowed  by  the  authorities  in  Ger- 
many and  France  is  the  process  called,  from  the  name  of  its  author, 
"Pasteurization.''     This  process  is  entirely  rational  and  commendable, 

'  See  Appendix  A. 
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as  ifc  conduces  to  the  preservation  of  the  beer  by  destrojiog-  tlie  germs 
of  imbealtliy  feruients,  not  by  simply  i^aralyzing  their  activity  as  an- 
tiseptics do,  and  moreover  it  introduces  no  foreign  constituents  into  the 
beer.  Liquid  carbonic  acid  is  also  coming  into  use  iu  some  of  the  larger 
Continental  breweries. 

Other  preservative  agents  extensively  employed  at  the  present  day 
are  salicylic  acid,  bisulphite  of  lime,  and  boracic  acid. 

SALICYLIC   ACID. 

Salicylic  acid  (O7H6O3)  was  first  prepared  by  Piria  and  Ettling  by 
oxidizing  salicyl  aldehyd,  which  had  previously  been  obtained  from 
various  vegetable  sources.  It  was  afterwards  obtained  from  oil  of  win- 
tergreen,  which  is  nearly  i^ure  method  salicylate,  a  constituent  also  of 
many  other  essential  oils.  Its  artificial  production  from  phenol  (car- 
bolic acid)  was  discovered  by  Kolbe  and  Lautermann  in  18G0  but  was 
not  put  into  practical  use  nntil  1874,  when  Professor  Kolbe  succeeded 
in  producing  it  at  a  moderate  cost.  It  is  now  prepared  almost  exclu- 
sively in  this  way,  the  cheapness  of  the  method  having  driven  out  of  the 
market  that  wliich  is  prepared  from  oil  of  wintergreen. 

By  this  process  sodium  carbolate  is  treated  with  dry  carbonic  acid 
gas  and  distilled  at  a  rather  high  temperature,  when  one-half  of  the 
phenol  combines  with  the  sodium,  forming  sodium  salicylate,  while 
the  other  half  is  distilled  over.  The  residue  is  decomposed  with  hydro- 
chloric acid,  the  salicylic  acid  filtered  off  and  washed,  and  purified  by 
recrystallization  or  sublimation.  The  purest  salicylic  acid  is  obtained 
by  dialysis,  by  which  all  the  tarry  matters  can  be  separated.  It  is  com- 
posed of  long  acicular  crystals,  having  a  peculiar,  x^ungent,  sweetish 
taste.  It  is  irritating  to  the  mucous  membrance  of  the  nasal  passages 
and  produces  sneezing  when  handled. 

Tlie  extended  use  of  salicylic  acid  it  owes  to  its  property  of  arresting 
the  action  of  ferments.  This  property  has  been  extensively  investi- 
gated and  it  is  unnecessary  to  go  into  the  subject  further  here.^ 

In  medicine,  besides  its  use  externally  as  an  antiseptic,  it  is  admin- 
istered very  extensively  internally,  its  chief  application  being  as  a 
remedy  for  acute  rheumatic  fever.  Its  physiological  action  is  given  as 
follows  in  the  United  States  Dispensatorj^,  fifteenth  edition,  page  101 : 

Whcu  salicylic  acid  is  given  to  man  in  doses  just  sufficient  to  manifest  its  presence, 
symptoms  closely  resembling  those  of  cinchonism  result.  These  are  fullness  of  tlie 
head,  with  roaring  and  buzzing  in  the  ears.  After  larger  doses,  to  these  symptoms 
are  added  distress  iu  the  head  or  positive  headache,  disturbances  of  hearing  aud 
vision  (deafness,  amblyopia,  partial  blindness),  and  excessive  sweating.  According 
to  Reiss  {BerJinger  Klin.  JVochenschrift,  1875,  p.  674)  decided  fall  of  temperature,  with- 
out alteration  of  the  ])ulse,  also  occurs;  but  this  is  denied  by  other  observers.  The 
actions  upon  tha system  of  the  acid  and  of  its  sodium  salts  (also  ammonium  salt, 
Martenson,  Petersh.  Med.  Zeitsclinft,  1375,  p.  343)  appear  to  be  identical,  and,  as  sev- 

1  For  recent  information  on  this  subject  reference  maybe  made  to  a  paper  by  A.  B. 
Grifiaths,  Chemical  News  ..53,  28. 
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crai cases  of  poisoiiing  with  one  or  other  of  tlieso  a^euts  have  occurred,  we  are  able 
to  trace  the  toxic  minifestatioa^.  Along- with  an  intensification  of  the  symptoms 
already  mentioned  there  are  ptosis,  deafness,  strabismus,  mydriasis,  disturbance  of 
respiration,  excessive  restlessness  passing  into  delirium,  slow  laboring  pulse,  olive- 
green  urine,  and  involuntary  evacuations.  In  some  cases  the  temperature  has  re- 
mained about  normal,  but  in  others  has  approached  that  of  collapse.  The  respiration 
seems  to  be  characteristic,  it  being  b3th  quickonol  and  deepened,  often  sighing. 
Sv^^eating  is  usually  very  free,  and  the  urine  early  becomes  albuminous.  Various 
local  evidences  of  vaso-motor  weakness  may  supervene,  such  as  rapidly-appearing 
bed-sores  at  points  subjected  to  pressure,  and  transitory  dark  colored  maculte  on 
various  parts  of  the  body.  In  several  cases  death  was  probably  produced  by  the 
acid,  although  there  is  scarcely  one  instance  which  is  beyond  doubt. ^  In  certain 
cases  the  mental  disturbance  has  been  strangely  prolonged,  lasting  for  eight  days. 
In  some  instances  it  is  cheerful,  in  others  melancholic  in  type.  It  is  stated  that  upon 
drunkards  the  acid  acts  very  unfavorably,  violent  delirium  being  an  early  symptom 
of  its  influence. 

By  the  same  authority  the  dose  of  salicylic  acid  to  be  employed  in 
cases  of  acute  rheumatism  is  given  as  one  dram  (3.9  grams)  iu  twenty- 
four  hours.  It  is  excreted  chiefly  by  the  kidueys  and  may  be  detected 
in  the  uriue  very  soon  after  its  iugestiou.  Authorities  in  therapeutics 
warn  x>ractitioners  of  medicine  against  its  administration  to  patients 
whose  kidneys  are  known  to  be  diseased,  and  of  late  years  the  opinion 
has  been  growing  among  physicians  that  it  has  a  very  irritating  action 
upon  these  organs,  many  preferring  the  alkaline  treatment  of  rheu- 
matic fever  on  this  account. 

USE   AS   A  PRESERVATIVE. 

The  "salicylic-acid  question,''  as  it  is  called,  has  received  a  great  deal 
of  attention  for  several  years  in  Europe,  and  much  has  been  written, 
pro  and  con,  on  the  question  of  the  propriety  of  its  us  e  as  a  preserving 
agent  in  articles  of  food  and  drink.  In  France  its  use  as  a  preservative 
in  any  form  of  food  or  drink  was  forbidden  by  ministerial  decree  on  the 
7th  of  February,  1881.  This  decree  was  based  upon  a  decision  of  the 
consulting  committee  of  hygiene  that  Its  constant  use  was  dangerous 
to  health. 

In  Germany  its  use  is  prohibited,  except  in  beers  intended  for  ex- 
port to  other  countries  where  its  use  is  allowed. 

Its  prohibition  in  France  called  forth  a  great  deal  of  opposition,  and 
experiments  were  made  and  published,  which  were  intended  to  show 
that  its  constant  use  in  small  doses  exerted  no  injurious  influence  upon 
the  system.  Kolbe  himself  made  experiments  upon  himself  and  his 
assistants  by  taking  doses  of  .5  to  1.0  gram  daily  for  several  days,  and 
found  no  ap[)reciable  ill  effects  to  follow  its  use.  ^     Whether  such  ex- 

^  In  the  case  recorded  in  the  Virginia  Medical  Monthly,  June,  1877,  forty-eight 
grains  of  the  acid  were  taken  in  four  hours.  The  symptoms  were  violent  vomiting, 
headache,  total  unconsciousness,  with  stertorous  breathing.  Death  occurred  forty 
hours  after  the  first  dose. 

-Jour.  x)rak.  Chem.  13,  IOC*.  Reference  may  be  made  to  similar  experiments,  as  fol- 
lows: J.  A.  Barral,  Jour,  de  I'Agricnltnre,  18S2,  69.  M.  Bias,  Bull,  de  I'Acad.  Royale 
de  Med.  de  Belgique.  Bd.  1'2,  No.  9. 
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periments  suffice  to  prove  its  liarmlessiiess  when  used  for  many  years 
aufl  without  regard  to  age,  sex,  or  x^ersoual  idiosyncrasy  is  still  an  open 
question.  A  most  interesting  and  exhaustive  discussion  of  the  reasons 
for  and  against  its  use  can  be  found  in  the  report  of  the  fourth  meeting 
of  the  "  Independent  Union  of  the  Bavarian  Eepresentatives  of  Apj)lied 
Chemistry,  at  Xiirnberg,  7th  and  8th  August,  1885,"^  when  this  body 
refused,  with  but  one  dissenting  voice,  to  grant  its  sanction  to  the  pro- 
posed use  of  salicylic  acid  in  beer  in  the  quantity  of  .05  grams  to  the 
liter.  Certainly  no  one  would  deny  the  advisability  of  at  least  restrict- 
ing the  amount  to  be  used  of  so  powerful  an  agent.  In  an  article  of 
daily  consumption,  and  in  consideration  of  the  i)vevalence  of  kidney 
disease^  at  the  present  day,  it  is  a  matter  worthy  of  grave  consideration, 
whether  it  would  not  be  more  prudent  to  forbid  its  use  altogether.  At 
all  events,  beer  in  which  it  is  used  should  be  sold  under  its  proper 
designation  as  ''  salicylated  beer."  It  would  certainly  be  of  interest  to 
the  phj'sician,  who  prescribes  beer  as  a  tonic  to  a  weak  convalescent 
invalid,  to  know  if  he  were  giving  at  the  same  time  not  inconsiderable 
doses  of  a  strong  therapeutic  agent,  expressly  contra-indicated  per- 
haps, in  the  case  he  has  on  hand. 

The  following  amounts  of  salicylic  acid  were  found  in  various  articles 
of  diet  by  Ch.  Girard,  director  of  the  Municipal  Laboratory,  in  1881  ^ : 

Wine  contained  in  the  liter,  1.95, 1.60, 1.4S,  1.41, 1.35,  0.81,  and  in  one  case  even 
.3.50  grams  salicylic  acid. 

Simp  contained  in  the  liter,  0.5  to  1.50  grams. 

Beer  contained  in  the  liter,  0,25  to  1.25  grams. 

Milk  contained  in  the  liter,  0.25  to  1.85  grams. 

It  will  be  noticed  that  in  one  case  of  wine  mentioned  it  contained  in 
one  liter  the  full  therapeutic  dose  for  twenty-four  hours. 

In  this  country  but  little  attention  seems  to  have  been  given  to  the 
use  of  salicylic  acid  as  a  preservative.  In  the  investigation  made  by 
the  !N'ew  York  State  Board  mentioned  above,  no  search  was  made  for  it, 
or,  in  fact,  for  any  other  preservative.  In  the  last  year  the  municipal 
boards  of  Xew  York  and  Brooklyn  seem  to  have  been  taking  cogni- 
zance of  its  extensive  use,  as  is  shown  by  the  following  extract  from  a 
paper  read  by  Dr.  Cyrus  Edson,  of  the  Xew  York  Board  of  Health,  be- 
fore the  New  York  Society  of  Medical  Jurisprudence  and  State  Medi- 
cine, November  12,  1886:^ 

"Within  the  past  tevr  months  I  have  been  confronted  with  a  snhject  the  importance 
of  which  to  the  commnnityisvery  great.  I  have  already  touched  upor  it.  It  is  the 
use  of  salicyUc  acid,  a  food  preservative.  Many,  if  not  all,  the  manufacturers  of 
preserved  foods  are  adding  small  amounts  of  this  substance  to  their  goods  to  prevent 
loss  by  decomposition.  The  amount  used  is  probably  between  one-third  of  a  grain 
and  a  grain  to  the  pound,  and  in  the  case  of  wines  and  beer,  to  which  it  is  also  added 

1  Published  by  Drs.  A.  Hilger  and  R.  Kayser,  Berlin,  1886. 

-The  most  common  form  is  popularly  known  as  "  Bright's  disease." 

"Pharm.  Cent.  22,  296. 

•*  American  Analyst  1837,  p.  7. 


MALT    LIQUORS.  301 

to  prevent  over-fenneutation,  from  a  grain  to  3  grains  to  the  pint  in  (^nantity.  The 
French  authorities,  as  I  have  said,  believe  that  the  use  of  salicylic  and  boric  acids 
tends  to  irritate  delicate  digestive  organs,  and  to  also  irritate  the  kidneys,  through 
which  they  are  eliminated  under  their  own  forms.  Though  I  have  talked  with  a 
number  of  scicntitic  gentlemen  in  this  country,  few  are  willing  to  go  into  court  and 
swear  that  this  is  also  their  opinion.  It  must  not  be  lost  sight  of,  however,  that  a 
person  might  at  a  meal  take  several  articles  of  diet,  each  containing  that  which  if 
taken  alone  would  be  a  harmless  dose,  but  taken  together,  and  possibly  for  a  consid- 
erable time,  would  pros'^e  highly  injurious.  The  only  safe  way  is  to  discard  all  addi- 
ditions  to  food  which  may  possibly  become  a  source  of  damage. 

The  followiug  is  of  interest  as  establishing  a  precedent  for  the  con- 
demnation of  articles  containing  salicylic  acid:^ 

Dr.  Cyrus  Edson,  of  the  Board  of  Health,  condemned  and  seized  on  November  11, 
5,280  gallons  of  artificial  wine  in  the  possession  of  a  Front  street  merchant.  Dr. 
Edson  reported  the  following  as  the  process  of  manufacturing  the  stuff:  ''Dried 
fruits,  such  as  raisins,  currants,  and  peaches,  are  macerated  with  water,  to  which  a 
certain  amount  of  sugar  is  added.  The  mixture  is  then  fermented,  and  when  fer- 
mentation is  considered  sufficiently  advanced  it  is  checked  by  the  addition  of  salicylic 
acid,  sufficient  beiug  added  to  act  as  a  preservative  and  prevent  further  fermenta- 
tion. The  so-called  wine  is  then  clarified,  flavored,  and  colored  to  cause  it  to  resem- 
ble port,  claret,  or  any  desired  kind  of  wine.  The  object  of  the  sophistication  is  to 
imitate  and  undersell  natural  native  wines.  The  use  of  salicylic  acid  as  a  preserva- 
tive is  forbidden  in  France,  as  the  French  authorities  consider  it  detrimental  to 
health.  I  have  consulted  a  number  of  noted  chemists  in  this  city  as  to  their  opinion 
concerning  its  use  and  nearly  all  unhesitatingly  condemn  it,  holding  that  depressing 
effects  in  the  nervous  system  would  follow  the  daily  use  of  the  acid  in  small  doses. 
It  is  my  opinion  and  the  opinion  of  Drs.  J.  B.  Isham  and  J.  B.  Linehan,  whom  I  have 
called  on  to  assist  in  condemning  and  seizing  the  so-called  wine,  that  the  adultera- 
tion is  a  dangerous  one  and  likely  to  cause  sickness.  The  amount  of  acid  used  is 
about  four  aud  a  half  grains  to  the  pint." 

Eecent  information  in  regard  to  the  status  of  the  question  in  France, 
together  with  a  very  strong  argument  in  favor  of  prohibiting  entirely 
the  use  of  this  preserving  agent,  may  be  found  in  the  following  recom- 
mendation by  Dr.  Bartley  :^ 

Dr.  Bartley,  the  chief  chemist  of  the  Brooklyn  Board  of  Health,  has  sent  a  com- 
munication to  Health  Commissioner  Otterson,  of  that  city,  on  the  subject  of  poison- 
ous beer  adulterations,  and  strongly  recommending  that  the  Board  take  action  against 
it.  Dr.  Bartley  says:  "During  the  year  18S5  I  had  the  honor  to  call  the  atten- 
tion of  the  Department  to  certain  abuses  in  the  manufacture  of  lager  beer,  so  called, 
in  the  course  of  which  1  said  that  '  the  most  important  adulterations  discovered,  from 
a  sanitary  point  of  view,  were  yeast  aud  sodium  bicarbonate.'  Since  that  time  I 
have  from  time  to  time  inspected  the  breweries  of  the  city.  As  this  beverage  has 
become  so  largely  used  by  families,  it  is  now  kept  in  bottles  by  many  grocers.  All 
brewers  are  compelled  to  manufacture  an  article  for  the  nse  of  bottlers.  This  is  pre. 
pared  with  more  care,  in  most  cases,  on  account  of  the  longer  time  it  is  to  be  kept 
before  using.  Unless  it  be  thoroughly  cured  and  well  cleared  the  beer  will  often 
spoil  before  it  is  consumed,  by  a  process  of  fermentation  or  putrefaction.  To  avoid 
the  necessary  care  in  the  manufacture  and  the  keeping  of  the  beer  for  a  longer  time, 
it  has  become  a  practice  among  brewers  to  add  salicylic  acid  to  prevent  this  fermen- 
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tatiou  after  the  beer  is  sent  out.  I  liavo  for  some  time  been  aware  of  this  use  of 
salicylic  acid,  as  well  as  its  addition  to  wines,  canned  fruits,  cider,  milk,  and  other 
goods,  for  the  iinrpose  of  preserving  them  from  fermentation.  In  fact,  the  use  of  this 
acid  is  coming  into  such  general  use  in  foods  that  it  is  becoming  an  important  sani- 
tary question  as  to  its  effects  upon  health  when  used  in  small  quantities  for  a  long 
time.  There  can  be  no  doubt  that  in  large  quantities  it  acts  very  injuriously  both 
upon  the  digestive  processes  and  the  kidneys.  In  its  elimination  the  kidneys  not 
rarely  become  acutely  congested  or  even  inflamed,  giving  rise  to  acute  Bright's  disease. 
Although  a  potent  remedy  in  the  treatment  of  acute  rheumatism,  it  is  not  suitable 
for  long  adminstration,  owing  to  the  above  injurious  actiou.  It  requires  the  addi- 
tion of  from  eight  to  ten  grains  of  free  salicylic  acid  to  one  gallon  of  beer  in  order  to 
prevent  the  growth  of  ferments.  If  bicarbonate  of  soda  has  also  been  added,  the 
quantity  of  acid  necessary  to  be  added  is  much  more.  Three  grains  have  recently 
been  found  in  each  pint  of  wine.  Assuming  that  the  smallest  effective  proportion  of 
the  acid  is  used,  viz,  ten  grains  to  the  galloa,  there  are  many  persona  in  this  city 
who  take  no  inconsiderable  amount  of  this  drug  every  day  of  their  adult  lives.  The 
salicylic  acid  of  the  market  is  prepared  from  carbolic  acid,  and  is  frequently  contam- 
inated with  a  small  proportion  of  this  very  poisonous  agent.  This  is  a  well  known 
fact  to  all  pharmacists.  The  sanitary  question,  then,  rests  upon  the  question  of  the 
action  of  small  and  long  continued  doses  of  salicylic  acid,  possibly  coutaminatecf  with 
carbolic  acid." 

"Upon  this  point  I  think  it  necessary  to  quote  here  but  one  of  mauy  authorities. 
In  1881,  and  again  in  1883,  upon  the  recommendation  of  the  Central  Committee  of 
Hygiene,  the  French  Government  prohibited  the  sale  of  articles  of  food  contain- 
ing salicylic  acid.  As  protests  were  made  against  this  legislation,  and  as  these 
protests  had  led  to  contradictory  judicial  decisions,  the  above  committee  re- 
quested the  opinion  of  the  French  Academy  of  Medicine.  A  commission  created  by 
that  body  of  savants  has  recently  made  a  report  (Bulletin  de  I'Acad.  de  Med.,  Paris, 
1886,  T.  XVI.,  pp.  583  et  seq.),  from  which  the  following  is  an  extract:  'While  in 
persons  of  good  health  the  prolonged  use  of  such  small  quantities  of  salicylic  acid  as 
-would  be  contained  in  articles  of  food  or  drink  treated  with  this  substance  is  proba- 
bly not  injurious  to  health,  it  may  nevertheless  produce  very  decided  disorders  of 
health  in  certain  persons,  and  especially  in  the  aged  and  in  those  who  have  a  tendency 
to  diseased  kidneys  or  dyspepsia.  Salicylic  acid  and  its  salts  are  eliminated  by  the 
kidneys.  They  tend  somewhat  to  check  the  action  of  the  digestive  ferments  con- 
tained in  the  saliva,  enteric  juice,  and  pancreatic  fluid,  and  hence  to  delay  digestion; 
hence  it  is  easy  to  understand  that  they  may  aggravate  digestive  or  renal  troubles." 

"The  report  closes  with  the  recommendation  that  the  addition  of  salicylic  acid  or 
its  compounds,  even  in  small  amounts,  to  articles  of  food  or  drink  shall  be  absolutely 
prohibited  by  law.  This  commission  found  by  their  investigation  that  the  quantities 
added  to  wine  were  about  six  grains  to  the  gallon,  and  to  beer  from  twelve  to  fifteen 
grains." 

''From  the  facts  here  stated  I  am  of  the  opinion  that  it  is  time  that  the  addition  of 
salicylic  acid  to  articles  of  food  received  a  check  at  the  hands  of  sanitary  authorities. 
I  have  made  examinations  of  several  different  kinds  of  bottled  beers  manufactured 
and  sold  in  this  city,  and  have  found  a  number  of  them  to  contain  salicylic  acid.  The 
list  examined  contained  some  of  the  Western  beers,  which  were  also  found  to  contain 
it.  I  would  respectfully  recommend  that  some  action  be  taken  by  this  Department 
towards  the  prohibition  of  this  injurious  adulteratiouo 
"  Respectfully, 

"E„  H.  BARTLEY,  M.  D.,  Chief  Chemist" 
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SALICYLIC   ACID   IN   SAMPLES   EXAMINED   BY   THIS   DIVISION. 

Out  of  thirty  two  samples  analyzed  b}^  this  Division  I  found  seven  to 
contain  salicylic  acid  in  sufficient  quantities  to  admit  of  qualitative 
proof,  or  nearly  one  fourth  of  the  entire  number  analyzed.  The  serial 
numbers  of  these  beers  corresponding  to  those  in  the  large  table  on  page 
282  are  as  follows :  4S01-3-5-G-1 7-23-25.  These  were  all  bottled  beers, 
one  being  an  imi^orted  (Kaiser)  beer.  ]S"one  was  found  in  any  of  the  draft 
beers.  Of  the  nineteen  samples  of  American  bottled  beers,  six  contained 
salic3'lic  acid,  or  nearly  one  third.  These  included  the  product  of  some 
of  the  largest  breweries  in  the  country,  beers  that  are  used  to  a  very  large 
extent  allover  the  United  States.  Whether  the  acid  is  added  in  the 
breweries  where  the  beer  is  made,  or  whether  it  is  used  by  the  local 
bottlers,  I  am  unable  to  decide.  In  one  case  I  found  it  in  the  beer  sold 
here  under  the  brand  of  a  large  Western  brewer}^,  and  sent  direct  to 
the  same  brewer^^  for  another  sample,  which  gave  no  test  for  the  acid  ; 
unfortunately  I  cannot  be  sure  in  this  case  that  the  firm  in  question  did 
not  know  the  purpose  for  which  the  sample  was  intended. 

DETECTION  AND   ESTI3IATI0N    OF   SALICYLIC   ACID. 

Fortunately  we  have  a  particularly  delicate  and  characteristic  test  for 
this  substance,  by  means  of  which  its  presence  can  be  detected  in  the 
minute  quantity  of  1  part  to  100,000.  This  is  the  well-known  charac- 
teristic violet  color  it  gives  with  ferric  salts.  The  test  can  sometimes 
be  applied  directly  in  the  case  of  very  clear  beers,  but  in  most  samples 
it  is  obscured,  either  by  the  original  color  of  the  solution,  or  by  the  color 
produced  by  the  combination  of  the  iron  with  other  constituents  of  the 
liquid.  There  are  various  procedures  given  for  the  separation  of  the 
salicylic  acid  from  these  constituents,  so  as  to  apply  the  test  to  it  when 
in  a  pure  state.  Bias  ^  has  investigated  various  methods,  including  the 
previous  precipitation  of  the  beer  with  lead  acetate,  and  the  removal  o^ 
the  excess  of  lead  with  sulphuric  acid;^  shaking  out  the  acidified  solu- 
tion with  ether,  evaporation  of  the  ether  and  testing  of  the  residue; 
treatment  with  bone-black,  washing  out  the  latter  with  alcohol  and  ap- 
plying the  test  to  the  alcoholic  solution; — none  of  which  methods,  he 
thinks,  gives  so  good  results  as  the  application  of  the  test  to  the  urine 
of  a  person  who  has  drank  some  of  the  beer  in  question.  By  this 
peculiar  method  of  making  the  human  body  a  medium  of  separation,  he 
claims  to  make  the  test  five  times  as  delicate  as  where  it  is  applied 
directly  to  the  beer.  Borntriiger^  arrived  at  similar  conclusions,  and  I 
can  testify  mj'self  to  its  superior  delicacy  to  the  direct  application  to  the 
beer.  Muter'*  was  probabl}^  the  first  to  use  dialysis  for  the  separation, 
also  recommended  by  Aubry.^  Portele^  precipitates  the  tannin,  &c.,  by 
a  solution  of  gelatine  and  shakes  up  the  filtrate  with  ether.    Weigerf^  uses 

1  Jour.  prak.  Cliem.,  19,  43.  -^  Zeit.  Anal.  Chem.  1880,  105. 

2E.  Robinet,  Compt.,  rend.  84,  1321.  nVeiulanbo  1879,  389. 

^  Zeit.  Anal.  Chem.  1881,  87.  ^Zeit.  Anal.  Cliem.  1880,  45. 
*Tbe  Analyst  1,  193. 
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amyl  alcohol  as  a  solvent,  as  follows  :  ''50cc.  wiue^  (or  beer)  are  shaken 
up  with  5cc.  amyl  alcohol  in  a  small  flask  for  a  few  minntes  and  allowed 
to  separate.  The  clear  amyl  alcohol  is  then  drawn  off  and  an  equal 
quantity  of  alcohol  added,  with  which  it  makes  a  colorless  solution.  To 
this  solution  is  added  a  few  drops  of  dilute  solution  of  chloride  of  iron, 
which  produces  the  violet  color." 

The  use  of  chloroform  as  a  solvent  is  recommended  by  the  German 
Imperial  Commission  for  the  establishment  of  methods  for  wine  analy- 
sis.2 

The  Paris  Municipal  Laboratory  allows  the  choice  of  four  different 
methods  for  applying  the  test  in  case  the  ether  extract  does  not  afford 
satisfactory  results : 

(1)  By  adding  a  small  quantity  of  a  dilute  solution  of  chloride  of  iron  to  precipitate 

the  tannin,  and  subsequent  extraction  with  ether. 

(2)  By  precipitation  of  the  tannin  with  gelatine  or  albumen. 

(3)  By  treatment  with  ether  in  the  ordinary  way  and  after  the  ether  is  evaporated 

the  residue  is  again  treated  with  a  few  cubic  centimeters  of  perfectly  pure 
benzine,  the  solution  evajiorated,  and  the  residue  from  this  evaporation  sub- 
jected to  the  test. 

(4)  By  treatment  with  j)ure  chloroform. 

The  union  of  Bavarian  chemists  has^  adopted  the  method  of  Eose^ 
who  uses  a  mixture  of  equal  parts  of  ethylic  and  petroleum  ether  for 
extracting  the  beer  or  wine,  as  follows :  "  50cc.  of  the  beer  are  shaken  up 
in  a  separatory  funnel  with  equal  parts  of  ether  and  petroleum  ether, 
after  acidulating  with  occ.  of  dilute  sulphuric  acid.  The  separation 
follows  very  quickly,  when  the  watery  part  is  allowed  to  flow  through 
the  stop  cock  and  the  ethereal  is  poured  out  through  the  neck  into  a 
small  dish.  After  the  ether  has  been  evaporated,  and  also  the  greater 
part  of  the  petroleum  ether  except  a  few  cubic  centimeters,  3-4  cc.  of 
water  are  brought  into  the  still  warm  dish.  This  is  well  stirred,  a  few 
drops  of  a  very  dilute  solution  of  chloride  of  iron  added,  and  the  whole 
filtered  through  a  moistened  filter,  which  allows  of  the  passage  onl}-  of 
the  watery  part  of  the  solution.  On  the  addition  of  the  chloride  of  iron 
the  petroleum  ether  solution  assumes  a  deep  yellow  color,  due  to  cer- 
tain compounds  of  the  iron  with  the  resin  of  the  hops.  In  the  absence 
of  salicylic  acid  the  filtrate  is  nearly  water-clear  with  a  slight  tinge  of 
yellow  )  if  present,  even  in  traces,  the  solution  takes  on  the  well  known 
violet  color.'^ 

To  test  the  efficiency  of  these  various  methods  two  samples  of  a  very 
dark  beer  known  to  be  free  from  salicylic  acid  were  taken,  and  to  one 
was  added  salicylic  acid  in  the  proportion  of  .05  grams  to  the  liter,  and 

1  Some  of  the  processes  given  are  intended  for  wine,  but  are  equally  applicable  to 
beer,  milk,  fruit  juices,  &c. 

-  Die  Weinanalyse,  Kommentar,  u.  s.  w. 

•'^  Op.  cit. 

•♦Arch.  f.  Hygien.     Analyst,  18SG,  133. 

■"^The  same  test  is  given  by  II.  Tafft',  Bull,  de  hi  Soc.  de  Chim.de  Paris,  46,  No.  1*2. 
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to  the  otlier  .005  grams.     These  two  samples  were  then  subjected  to 
treatment  by  eight  different  methods,  as  follows  : 

(1)  Extracted  with  chloroform. 

(2)  Extracted  with  ether  simply. 

(3)  Extracted  with  amyl  alcohol. 

(4)  Extracted  with  ether  after  previous  precipitation  with  lead  subace- 

tate. 

(5)  Extracted  witli  ether  after  previous  precipitatioii  with  gelatine. 

(6)  Extracted  witli  ether  after  previous  precipitation  with  ferric  chlo- 

ride. 

(7)  Extracted  witli  equal  parts  of  ethylic  and  petroleum  ether. 

(8)  Extracted  with  ether,  the  solution  allowed  to  evaporate  sponta- 

neously, and  the  residue  extracted  with  benzine. 
These  tests,  tried  on  the  beer  containing  .05  grams  to  the  liter,  gave 
results  which  ranged  them  in  the  following  order  of  succession,  accord- 
ing to  the  strength  and  brilliancy  of  the  test:  8,  5,  7,  6,  2,  1,  4,  3.  In 
methods  5  and  G  the  length  of  time  required  to  filter  the  solutions  con- 
stitutes an  objection  to  their  use  The  same  tests  applied  to  the  beer 
containing  .005  grams  to  the  liter  gave  the  test  only  in  the  case  of  Nos. 
8  and  7,  the  former  being  the  better  of  the  two.  The  same  series  of 
tests  were  applied  to  a  red  wine,  with  very  similar  results,  so  I  have 
adopted  method  No.  8  in  all  the  work  done  on  beers  and  wines,  and 
would  recommend  either  that  or  No.  7,  both  of  which  give  a  i^erfectly 
bright,  water-clear  solution,  in  which  the  slightest  tinge  of  violet  color 
is  plainly  visible. 

QUANTITATIVE   ESTIMATION. 

While  the  qualitative  determination  of  salicylic  acid  is  so  delicate  and 
easy  of  execution,  the  quantitative  estimation  is  unfortunately  a  tedious 
and  unsatisfactory  operation,  in  the  small  quantities  in  which  it  is 
found.  This  is  an  argument  in  favor  of  the  entire  prohibition  of  its  use 
in  foods  in  preference  to  the  restriction  of  the  quantity  to  be  used. 

The  determination  may  be  made  by  the  same  method  as  described 
above  for  the  qualitative  test,  sim])ly  making  the  extraction  complete. 
One  hundred  cubic  centimeters  of  the  beer  or  wine  are  taken,  acidified 
with  a  few  drops  of  hydrochloric  acid,  and  extracted  with  three  succes- 
sive portions  of  ether  of  50cc.  each  ;  these  are  mixed  and  the  whole 
allowed  to  evaporate  spontaneously.  The  residue  from  this  evapora- 
tion is  heated  for  an  hour  on  the  water  bath  to  drive  off  volatile  acids, 
and  treated  with  150cc.  of  pure  benzine,  which  is  allowed  to  stand  in 
contact  with  the  residue  for  twenty-four  hours,  when  it  is  drawn  off  care- 
fully and  the  residue  again  treated  with  50cc.  of  benzine,  which  is  added 
to  the  first  portion.  This  200cc.  of  benzine  is  then  made  up  to  500cc. 
with  absolute  alcohol,  and  titrated  directly  with  a  decinormal  solution 
of  soda,  previously  standardized  by  operating  upon  a  similar  mixture. 
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The  acid  may  also  be  extracted  by  treatment  with  successive  portions 
of  chloroform,  which  is  carefully  decanted,  the  solution  evaporated,  and 
the  crystallized  salicylic  acid  weighed. ^ 

A.  Kemont^  published  in  1881  a  method  for  the  colorimetric  estima- 
tion of  salicylic  acid,  which  was  modified  by  Pellet  and  De  Grobert^  in 
the  following  manner: 

A  series  of  uniform  test-tubes  are  prepared  about  20cm.  in  height  and 
15mm.  in  caliber,  to  which  are  added,  successively.  Ice,  0.75cc.,  O.Scc, 
0.4cc.,  0.3cc.,  0.2cc.,  O.lcc.  of  a  solution  of  1  gram  of  salicylic  acid  in  1 
liter  of  distilled  water,  and  the  volume  in  each  tube  brought  to  lOcc. 
with  distilled  water.     To  the  first  tube  is  added  three  drops  of  a  di- 
lute solution  of  ferric  chloride  (1005  to  1010  specific  gravity),  in  the 
second  and  third  two  drops,  in  the  others  one  drop.     The  last  tube  may 
be  simply  stirred  with  a  glass  rod  which  has  been  dipped  into  the  iron 
solution.     One  hundred  cubic  centimeters  of  the  beer  or  wine  to  be  test^id 
are  now  taken  and  shaken  up  with  lOOcc.  of  ether,  and  five  drops  H2SO4 
of  30^  B.,  allowed  to  stand,  carefully  separated,  and  this  operation  re- 
peated twice.    The  ether  is  quickly  evaporated  off  in  the  water  bath,  the 
residue  brought  into  a  porcelain  evaporating  dish  of  about  6-8  cm.  di- 
ameter, the  flask  washed  out  with  a  few  cc.  of  ether  and  the  dish  placed 
in  an  air  bath  heated  to  about  50^  0.  to  drive  off  the  ether  comi^letely; 
1.5cc.  of  a  solution  of  soda  is  then  added,  of  such  strength  that  lOcc.  con- 
tain 0.1  grams  Ka^O,  which  is  sufficient  to  saturate  about  0.2  grams 
of  salicylic  acid,  equal  to  a  content  in  the  sample  of  2  grams  per  liter. 
If  the  residue  is  still  acid  after  this  addition,  it  is  due  to  acetic  acid.    By 
evaporating  to  dryness  this  excess  can  be  driven  off  while  the  salicylic 
acid  is  retained,  as  it  is  able  to  displace  acetic  acid  from  its  salts.    The 
residue  is  now  treated  with  five  drops  of  H2SO4  of  30°  B.,  and  then  witli 
20cc.  of  benzine,  and  the  whole  filtered;  lOcc.  of  the  filtered  benzine  so- 
lution is  brought  into  a  test-tube  of  similar  dimensions  to  those  men- 
tioned above ;  lOcc.  distilled  water  and  one  or  two  drops  of  the  dilute 
ferric  chloride  solution  added,  and  the  contents  well  shaken.    If  sal- 
icylic add  is  present  it  is  all  taken  up  by  the  lower  watery  portion  and 
the  color  may  be  compared  with  that  of  the  standard  tubes.    If  it  agrees 
in  intensity  with  one  of  these,  the  calculation  is  very  simple.     Suppose, 
for  example,  it  agrees  with  the  fourth  tube,  which  contains  in  the  lOcc. 
of  liquid  0.0004  grams  salicylic  acid,  then  the  lOcc.  of  benzine  solution  ^ 
also  contained  0.0004  grams,  and  the  20cc.  from  which  it  was  taken 
contained  0  0008  grams  in  lOOcc.  of  the  wine,  or  .008  grams  to  the  liter. 
The  authors  of  this  method  found  on  applying  it  to  wine  to  which  a 
known  quantity  of  salicylic  acid  had!  been  added,  that  only  03  per  cent, 
of  the  amount  added  was  found,  so  their  results  were  divided  by  93  on 
that  basis.     With  this  modification  they  obtained  from  two  samples  of 

1  These  two  methods  are  employed  in  the  Municipal  Laboratory  of  Paris. 
-  Jour.  Phariii.  Chim.  [5],  4,  34,  Chem.Ceiit.,  1881,  773. 
aCompt.Rcnd.  93,  278,  Chem.Cent.,  1881,  711. 
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"sviue  to  wliich  had  been  added,  respectively,  0.084  and  0.12G  grams  per 
liter  0.084  and  0.123  grams. 

M.  Remont^  also  devised,  in  1882,  what  might  be  called  an  empirical 
method  for  the  estimation  of  the  quantity  of  salicylic  acid  added  to  wine 
or  beer,  which  would  doubtless  prove  very  convenient  in  case  its  use 
were  limited  by  law  to  a  certain  definite  quantity,  as  follows  : 

In  a  liquid,  similar  to  that  which  is  to  be  tested,  is  dissolved  a  known 
quantity  of  pure  salicylic  acid;  of  this  standard  liquid  50cc.  are  taken 
and  well  shaken  with  50cc.  of  ether,  and  allowed  to  separate;  25cc.  of 
the  ether  are  taken  in  a  flat  dish  and  subjected  to  evaporation  at  a 
temperature  below  boiling,  in  the  presence  of  lOcc.  of  water;  when  the 
ether  has  disappeared,  the  Avater  is  poured  into  a  graduated  c^dinder 
and  its  volume  made  up  to  2occ.  with  the  washings  of  the  dish.  This 
solution  contains  the  same  proportion  of  salicylic  acid  as  the  standard; 
lOcc.  of  the  liquid  to  be  analyzed  are  then  taken  and  shaken  with  lOcc. 
of  ether ;  occ.  of  the  clear  ether  are  taken,  evaporated  with  2cc.  of 
water,  and  the  residual  liquid  made  up  to  5cc.  with  the  washings  of 
the  dish,  as  above. 

Two  tubes,  each  graduated  to  30cc.,  are  taken,  and  into  one  is  intro- 
duced occ.  of  the  standard  aqueous  solution  as  obtained  above,  and  into 
the  other  the  5cc.  obtained  from  the  sami)le  for  analysis.  To  each  tube 
is  added  the  same  quantity  of  a  1  per  cent,  solution  of  ferric  chloride, 
avoiding  an  excess.  The  comparison  of  the  two  tubes  may  then  be 
made,  and  the  process  can  be  made  quantitative  by  diluting  with  water, 
or  other  colorimetric  methods. 

The  author  insists  upon  the  necessity  of  taking,  as  a  means  of  compar- 
ison, a  liquid  of  the  same  nature  as  the  sample  for  analysis,  as  the 
foreign  matters  which  ether  dissolves  from  wine,  beer,  or  cider  alter  the 
delicacy  of  the  color  test. 

SULPHITES. 

The  use  of  sulphurous  acid  as  a  preservative  agent  in  beer  and  wine, 
either  in  the  form  of  soluble  sulphites,  liquid  sulphite  of  lime,  or  sulphur 
fumes,  is  not  at  all  recent.  It  is  one  of  the  oldest  preservatives  known. 
Together  with  other  chemical  preservatives  its  use  is  forbidden  in 
France,  and  the  German  authorities  include  it  with  borax  as  an  agent 
whose  i)hysiological  effect  is  still  too  little  known  to  allow  of  its  indis- 
criminate use.  It  is  also  sometimes  introduced  into  beers  by  the  hops, 
which  are  very  generally  i^reserved  b}^  means  of  sulphur  fumes.  The 
Bavarian  authorities  allow  its  use  in  sulphuring  barrels  and  hops,  as 
will  be  seen  when  their  method  of  analysis  is  described  later.  Of  course 
the  quantities  brought  into  the  beer  in  this  way  are  very  small. 

The  qualitative  test,  which  is  given  by  many  of  the  books  on  the  sub- 
ject,^ viz,  the  reduction  of  the  sulphur  to  hydric  sulphide  gas  by  means 
of  nascent  hydrogen,  is  entirely  erroneous,  as  I  have  proved  by  experi- 

^  Compt.  Rend.  95,  78(5.  -Konig,  forinstauce,  p.  410;  Dietzscb,  p.  123. 
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meuts  made  upou  the  various  albumiuous  constituents  of  beer  with  the 
same  test.  Hops  (known  to  be  free  from  SO2),  malt,  and  even  ground 
barley,  treated  with  hydrochloric  acid  and  zinc  gave  a  very  distinct  black- 
ening of  lead  acetate  paper  in  the  course  of  fifteen  minutes,  and  the 
test  applied  to  the  beers  examined  gave  a  distinct  reaction  in  every  case. 
I  concluded  from  the  above-described  experiments  that  the  H2  S  came 
from  the  sulphur  contained  in  the  albuminous  bodies  of  the  grain,  which 
was  reduced  by  the  nascent  hydrogen.  Blank  experiments  with  the 
reagents  used  gave  no  test  for  sulphur.  Since  I  made  these  experi- 
ments similar  conclusions  were  reached  by  M.  von  Klobulow,^  who 
found  that  sulphur  was  reduced  from  any  of  its  compounds  by  nascent 
hydrogen,  and  so  complete  is  this  action  that  he  has  made  it  the  basis 
for  a  new  method  of  estimating  sulphur.  It  was  i)robably  by  this  test 
that  sulphurous  acid  was  found  in  very  old  wines,  as  has  been  reported. 
The  method  of  detecting  the  presence  of  SO2  by  its  oxidation  to  H2 
SO4  is  probably  the  best,  and  can  be  employed  very  successfully  for  the 
quantitative  estimation  also.  There  are  various  methods  in  use  for 
affecting  the  oxidation,  as  well  as  for  the  subsequent  determination  of 
the  sulphuric  acid  formed.  In  the  method  employed  by  the  Paris  Mu- 
nicipal Laboratory  the  beer  is  acidulited  with  sulphuric  acid,  and  a 
current  of  pure  carbonic  acid  gas  is  drawn  through  the  liquid  and  then 
into  a  solution  of  chloride  of  barium  mixed  with  iodine  water.  If  SO2  is 
IH^esent,  a  precipitate  of  sulphate  of  barium  forms  in  the  latter  mixture. 
Other  oxidizing  agents  may  be  used  instead  of  the  iodine.  Wartha^ 
used  nitrate  of  silver  solution  for  a  qualitative  test;  bichromate  of  pot- 
ash furnishes  a  very  convenient  agent,  and  the  solution  of  it  may  be 
made  standard  and  titrated  afterwards  to  determine  the  extent  of  oxi- 
dation. I  have  used  permanganate  of  potash  with  very  good  results  for 
a  qualitative  test.  But  i)robably  the  best  method  for  both  qualitative 
and  quantitative  determination  is  that  used  by  the  union  of  Bavarian 
chemists,  which  I  have  employed  in  testing  the  samples  examined.  It 
is  as  follows :  lOOcc.  of  the  liquid  to  be  examined  are  acidulated  with 
phosphoric  acid,  and  distilled  in  a  stream  of  carbonic  acid  gas,  and  the 
distillate  received  in  a  flask  containing  5cc.  of  normal  iodine  solution. 
After  the  first  third  is  distilled  off",  the  distillate,  which  should  still 
contain  excess  of  free  iodine,  is  acidified  with  hydrochloric  acid,  heated, 
and  barium  chloride  solution  added.  If  a  precipitate  of  more  than  10 
milligrams  is  obtained  in  the  barium  solution,  the  wine  or  beer  contains 
sulphurous  acid  in  excess  of  the  legalized  limit.  (The  allowance  of  10 
milligrams  of  barium  sulphate  is  made  to  admit  of  the  hops  being  sul- 
phured.) In  using  this  method  I  have  found  it  necessary  not  only  to 
have  the  delivery  tube  from  the  condenser  dip  into  the  iodine  solution, 
but  also  to  attach  a  mercury  valve  to  the  flask  in  which  it  is  received. 

iZeit.  Anal.  Cbem.  25,  155;  Chem.  News,  1886,  325. 
^Berichte  d.  Deutsch.  Chem.  Gesell.  13,  057. 
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A  few  of  the  samples  examined  by  this  test  gave  a  slight  turbidity 
with  barium  chloride,  viz  :  Serial  Nos.  4804-6-10-13  and  14,  while  only 
one,  iS"o.  4815,  gave  sufficient  precipitate  to  justify  the  assertion  that  a 
sulphite  had  been  added  to  it.  I  have  not  been  able  to  find  a-iy  re- 
corded instance  of  sulphurous  acid  being  found  in  American  beers. 

BORAX. 

This  agent,  although  used  very  extensively  in  jireserving  meats,  veg- 
etables, and  canned  goods,  does  not  seem  to  have  been  applied  to  malt 
liquors  to  any  great  extent,  although  it  has  been  found  in  wines.  Its 
use  is  prohibited  in  France  and  Germany.  The  test  for  boracic  acid  is 
best  applied  to  the  ash.  If  this  is  rubbed  up  with  water  acidulated  with 
a  little  hydrochloric  acid  and  a  piece  of  turmeric  paper  dipped  into  the 
solution  and  then  dried,  it  will  show  a  lieculiar  reddish  tint  if  borax  be 
present.  For  a  ver^^  delicate  test  a  large  quantity  of  the  liquid  to  be 
tested  may  be  evaporated  to  a  sirup,  with  a  slight  addition  of  sulphuric 
acid,  the  residue  extracted  with  alcohol,  and  the  latter  ignited.  The 
edges  of  the  flame  will  be  colored  green  if  borax  is  present.  Kone  of 
the  samples  examined  gave  any  test  for  borax. 

In  conclusion  of  the  work  on  preservatives,  it  may  be  noted  that  it 
was  doue  during  the  cold  weather  of  January,  February',  and  March.  It 
is  quite  probable  that  during  warm  weather  the  use  of  i)reservative 
agents  is  still  more  general  than  shown  by  the  analyses. 

MINERAL   ADDITIONS. 

The  presence  of  lead,  copper,  or  zinc,  sometimes  observed  in  malt 
liquors,  is  due  usually  to  the  use  of  brass  faucets  or  lead  pipes  by  the  re- 
tailer in  drawing  oft'  the  liquor  or  in  tilling  bottles.  The  amount  of  these 
metals  taken  up  by  acid  liquors  in  this  way  is  quite  small  usually,  but 
may  be  considerable  if  they  are  long  left  in  contact  with  the  metallic 
surface.  Thus  the  first  glass  drawn  from  a  faucet  in  the  morning  is  apt 
to  contain  considerable  copi)er  and  zinc  in  solution.  In  Paris  the  appa- 
ratus used  for  drawing  beer  is  subject  to  supervision,  and  a  frequent 
cleansing  and  proper  kind  of  material  is  insisted  on.  The  Brooklyn  De- 
partment of  Health  issued  an  order  in  188G  prohibiting  the  use  of  unpro- 
tected brass  faucets  in  drawing  beer,  but  its  enforcement  has  not  been 
insisted  ou.^  Analyses  made  for  the  board  by  Otto  Grothe  of  ales  drawn 
through  pumps  showed  small  quantities  of  copper,  zinc,  aud  lead  in 
every  case.^ 

Alum  is  sometimes  used  as  a  clarifying  agent  in  the  brewing  of  beer. 
The  method  of  detecting  the  presence  of  the  metals  in  liquors  need 
not  be  dwelt  on  here.  It  is  best  i)erforined  in  the  ash  from  a  large  quan- 
tity of  the  suspected  sample. 

lAunual  Report  Dept.  Health,  City  of  Brooklyn,  1886,  p.  87  ;  and  1887,  p.  63. 
"Ibid. 
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BICARBONATE   OF   SODA. 

This  salt  is  added  to  beer  for  the  parpose  either  of  correcting  an  undue 
acidity  of  the  beer,  resulting  from  improper  brewing,  or  of  imparting  to 
it  an  increased  "  head/'  or  content  of  carbonic- acid  gas,  or  for  both  pur- 
poses. The  salt  is  decomposed  by  the  free  acid  of  the  beer  and  the  gas 
liberated,  lactate  and  acetate  of  soda  being  left  dissolved  in  the  beer.  This 
seems  to  be  purely  an  American  practice;  at  least  I  have  failed  to  find 
an}'  mention  of  it  in  European  authorities.  Some  of  them  mention  the 
use  of  marble  dust  or  magnesia  for  the  correction  of  acidity,  but  very 
little  consideration  is  given  to  the  subject.  In  this  country,  however,  it 
seems  to  be  very  ^Yidespread.  The  following  extracts  are  taken  from  a 
paper  read  by  Otto  Grothe,  Ph.  D,,  before  the  American  Society  of  Pub- 
lic Analysts :  ^ 

The  Health  Department  of  the  city  of  Brooklyn  has  for  some  time  carried  on  inves- 
tigations with  reference  to  the  brewing  of  lager  beer  as  practiced  in  that  city.  The 
peculiar  cathartic  effect  of  some  of  the  Brooklyn  beers  seemed  to  indicate  the  presence 
of  some  substitutes,  principally  for  hops.  The  analysis  of  such  suspicious  beer  failed, 
however,  to  reveal  anything  of  importance,  either  on  account  of  the  absence  of  such 
substitutes  or  because  the  quantities  of  beer  used  were  too  small.  Before  going  to  the  ex- 
pense of  purchasing  a  keg  or  two  from  each  brewery  for  the  chemical  laboratory.  Dr. 
Bartley  thought  it  to  be  the  best  to  have  the  breweries,  in  the  first  i)lace,  inspected. 
These  inspections  resulted  principally  in  the  discovery  of  a  A^ariety  of  substances  used 
by  beer  brewers  as  clearing  and  improving  agents,  the  latter  being  considered  the  most 
objectionable.  They  were  .sodium  bicarbonate,  tartaric  acid,  cream  of  tartar,  isin- 
glass, or  gelatine,  glucose,  grape  sugar,  juniper  berries,  and  salicylic  acid. 

Sodium  bicarbonate  is  a  substance  more  regularly  used  by  brewers.  *  *  *  The 
opinion  of  the  brewers  about  the  necessity  of  this  addition  is  very  much  divided; 
while  some  believe  it  to  be  utterly  necessary,  others  say  they  would  rather  do  with- 
out it,  as  it  causes  them  a  heavy  expense.  They  all  say,  however,  they  cannot  avoid 
it,  because  the  public  wants  a  perfectly  neutral  beverage.  There  is  beer  in  the  mar- 
ket which  has  no  addition  of  bicarbonate.  *  *  *  The  quantity  of  soda  added 
varies  very  much,  and  we  may  say  in  proportion  to  the  quantity  of  acid  contained  in 
the  beer.  This  quantity  of  acid  in  the  beer  depends  upon  the  knowledge  and  the  at- 
tention of  the  brewer.  Thus  we  find  that  breweries  which  have  clean,  well-venti- 
lated, and  flushed  cellars,  in  which  refrigerating  machines  are  in  use,  and  which 
are  conducted  in  a  scientific  way  by  an  expert  foreman,  can  afford  to  sell  their  pro- 
duct with  less  than  one-third  of  the  quantity  of  sodic  bicarbonate  used  by  smaller 
concerns  which  are  not  so  well  conducted  and  which  have  not  the  facilities  of  their 
larger  competitors. 

The  largest  quantity  of  bicarbonate  used  is  about  2^  ounces  to  the  keg,  or  quarter  of. 
a  barrel.  The  size  of  a  barrel  varies  from  314^  to  33  gallons,  according  to  the  age,  the 
older  kegs  becoming  smaller  by  the  contraction  of  the  wood.  A  keg,  therefore,  con- 
tains 8  gallons  of  beer,  or  64  pints,  which  is  considered  equal  to  about  a  hundred  glasses 
as  sold  in  the  beer  saloons  over  the  counter.  A  glass  of  beer,  therefore,  contains  iu 
some  cases  three-fourths  of  a  gram  of  bicarbonate  of  soda ;  and  as  a  moderate  beer 
drinker  will,  under  certain  circumstances,  for  instance  in  hot  weather,  drink  about 
twenty  glasses  of  beer  a  day,  he  takes  about  15  grams,  or  25*2  grains  of  bicarbonate  of 
soda  with  it.  A  heavy  beer  drinker — say,  a  laborer  who  works  outdoors  and  who  buys 
the  beer  by  the  pint — may  consume  as  many  as  forty  glasses  a  day,  and  he  takes  an 
ounce  of  bicarbonate  of  soda  with  it.      The  smallest  quantity   of  bicarbonate  of 

lAnn.Eep.Dept.  of  Health,  City  of  Brooklyn,  1885,  p.  92. 
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soda  used  iu  our  breweries  is  1  ounce  to  a  half  barrel,  and  the  difference  in  tbe  effect 
of  that  addition  is  a  very  remarkable  one,  the  beer  tasting  slightly  acid. 

There  cannot  be  any  doubt  that  large  quantities  of  bicarbonate  of  soda  regularly 
introduced  into  the  stomach  are  detrimental  to  the  hea^lth.  Inasmuch  as  the  lager 
beer  is  used  as  a  food  by  many  people,  it  would  be  greatly  appreciated  by  intelligent 
beer-brewers  and  beer-drinkers  if  the  use  of  bicarbonate  of  soda  could  be  regulated 
by  the  authorities,  or,  if  possible,  entirely  abolished.  By  such  regulations  the  un- 
clean brewer  would  be  compelled  to  either  keep  his  brewery  clean,  or  go  out  of  the 
business  altogether.  Such  regulations  should  also  be  extended  to  the  quality  of  the 
metals  of  the  apparatus  used  in  the  different  brewiug  processes,  so  that  to  the  Amer- 
ican lager  beer  the  same  name  can  be  given  as  to  the  German  beer,  which  Justus  von 
Liebig  called  'Miquid  brerd." 

There  are  several  rather  misleading  statements  in  the  above.  Dr. 
Grothe  says  in  the  first  pUice  that  ^'the  iDnblic  wants  a  perfectly  neutral 
beverage,"  which  is  open  to  considerable  doubt ;  and  again,  ''  the  small- 
est quantity  of  bicarbonate  of  soda  used  is  one  ounce  to  a  half  of  a  bar- 
rel, and  the  difference  in  the  effects  of  that  addition  is  a  very  remarkable 
one,  the  beer  tasting  slightly  acidP  If  this  latter  statement  is  taken  in 
a  strictly  chemical  sense,  it  is  rather  paradoxical,  for  a  bicarbonate  added 
to  a  liquid  of  course  tends  to  make  it  alkaline.  What  is  meant  by  its 
tasting  slightly  acid  doubtless  is  that  it  acquired  a  pungenc}^  to  the 
taste  on  account  of  the  liberation  of  carbonic  acid  gas  from  the  bicarbon- 
ate by  the  free  acid  existing  iu  the  beer.  One  of  the  beers  I  examined 
(Xo,  4S1G)  was  actually  alkaline  in  reaction  from  excess  of  added  bicar- 
bonate, and  the  taste  was  far  from  being  agreeable. 

I  would  hardly  take  so  decided  a  stand,  as  Dr.  Grothe  in  regard  to  tbe 
injury  done  to  the  health  of  the  beer-drinker  by  bicarbonate  of  soda 
per  se.  It  may  be  necessary-  to  explain  to  a  non-scientific  reader  that  the 
bicarbonate  does  not  remain  in  the  beer  as  bicarbonate^  unless  there  is 
an  amount  added  in  excess  of  the  quantitj^  of  free  acid  present  in  the 
beer.  This  free  acid  (mostly  acetic  in  soured  beers,  but  due  chiefly  to 
ncid  phosphates  in  normal  beers)  combines  with  the  bicarbonate,  set- 
ting free  carbonic  acid,  and  forming  acetate  of  soda  and  basic  phosi)hate^ 
which  remain  in  solution.  The  reaction  is  very  similar  to  that  which 
takes  place  in  using  baking  powders  for  cooking  purposes,  except  that 
in  the  latter  case  tartrate  of  soda  and  potash  (Eochelle  salts)  is  left  in- 
stead of  acetate  and  phosphate  of  soda.  Where  bitartrate  of  potash  is 
added  to  the  beer  along  with  the  soda  (as  soinetimes  occurs  according 
to  the  Brooklyn  report)  the  reaction  is  precisely  the  same.  In  these 
days  of  the  almost  universal  consumption  of  baking  powders  there  is 
doubtless  enough  alkaline  salts  thrown  into  a  man's  stomach  with  his 
food  without  pumping  them  in  with  his  drinks  as  well.  At  all  events 
there  can  be  but  little  question  of  the*  propriety  of  prohibiting  the  use 
of  bicarbonate  of  soda  in  beer.  It  is  entirely  unnecessary  and  foreign  to 
the  production  or  preservation  of  pure  beer.  Moreover,  its  use  serves 
to  cover  up  and  hide  the  effects  of  poor  brewing  and  iaiproper  storing  or 
refrigerating,  and  should  be  prohibited  from  this  cause  alone  if  there 
were  no  other. 
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DETECTION. 

The  detection  of  the  additiou  of  very  small  quantities  of  bicarbonate 
of  soda  to  beer  is  by  no  meaus  an  easy  matter  when  the  constant  pres- 
ence of  soda  salts  in  beer  ash  is  considered,  and  the  very  variable  con- 
tent of  alkali  in  the  waters  used  for  brewing  purposes.  The  ash  of  beer 
is  of  very  variable  composition,  being  obtained  in  part  from  each  of  the 
principal  constituents  which  enter  into  the  preparation  of  the  drink, 
viz,  the  malt,  the  hops,  and  the  water  used  in  the  brewing.  The  con- 
tent of  soda  (NaiO)  in  the  ash  varies  in  different  published  analyses, 
from  less  than  4  per  cent,  up  to  35  per  cent,  of  the  ash,^  and  this  without 
a  sufficient  proportion  of  chlorine  to  account  for  the  large  per  cent,  of  soda 
as  salt.  The  presence  of  any  considerable  quantities  of  carbonate  in 
beer  ash,  however,  is  abnormal,  and  indicates  the  addition  of  bicarbon- 
ate  of  soda  to  the  beer,  the  acetates,  lactates,  &c.,  formed  from  it  being 
converted  into  carbonates  by  the  process  of  incineration.  So  far  as  I 
have  been  able  to  ascertain,  no  carbonic  acid  has  ever  been  found  in 
the  ash  of  normal  beer,  its  alkalinity  being  due  to  the  presence  of  alka- 
line phosphates.  I  have  found  no  statement  as  to  whether  the  ash  of 
normal  beer  reacts  acid  or  alkaline  in  any  of  the  books  on  the  subject 
except  Elsuer,^  who  says  it  reacts  acid.  This  must  certainly  be  a  mis. 
take,  for  the  ash  of  every  sample  I  examined  gave  a  strong  alkaline  re- 
action, requiring  from  5  to  3.5cc.  of  decinormal  acid  for  the  neutraliza- 
tion of  the  ash  from  lOOcc.  of  beer.  HassalP  says,  on  the  other  hand? 
"the  alkalinity  of  the  ash  must  be  estimated"  in  determining  whether 
some  alkaline  earth  or  alkali  has  been  added. 

In  order  to  investigate  this  question  I  procured  a  sample  of  beer  made 
in  Lafayette,  Ind.,  which  was  guaranteed  to  contain  no  bicarbonate  of 
soda,  and  which,  from  my  knowledge  of  the  parties  through  whom  it  was 
obtained,  I  have  every  reason  to  believe  to  be  a  sample  of  perfectly 
pure  beer.'^ 

The  complete  analysis  of  this  sample  was  as  follows  : 


Specific  gravity 

Per  cent,  alcohol  by  weiabt 

Do.       alcohol  by  volume , 

Do.      extract  .". 

Do.      reducing  sugar  as  maltose 

Do.       ash    

Do.      fixed  acid  as  lactic    

Do.      volatile  acid  as  acetic 

Do.      phosphoric  acid 

Do.       carbonic  acid 

Koimal  polarization 


Several  portions  of  lOOcc.  each  were  taken,  various  quantities  of  bi- 
carbonate of  soda  added,  and  after  solution  each  portion  evaporated 

1  See  Wolff,  Asclieu-Aualysen,  p.  23. 

2  Page  89. 

3  Page  706. 

••A  small  quantity  of  rice  grit  was  admitted  to  liave  been  used  in  its  -nanufacture. 
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to  dryness  and  burned  to  ash.    The  alkalinity  of  the  ash  was  then  as- 
certained, with  the  following  results  : 


;     No.  1.         No.  2. 

No.  3. 

No.  4. 

Amount,  in  grams,  of  bicarbonate  added None .1 

Number  of  cubic  centimeters  decinormal  j 

.  5 
17.  5 

1.0 
30. 

From  these  results  it  will  be  seen  that  the  alkalinity  of  the  ash  shows 
very  i^laiuly  the  addition  of  considerable  quantities  of  bicarbonate,  but 
small  additions  would  not  be  detected  in  this  way.  Again,  the  books 
state  that  the  addition  of  bicarbonate  of  soda  can  be  recognized  by  the 
strong  effervescence  of  the  ash  with  an  acid.  This  statement  is  based 
endrely  upon  theoretical  grounds,  which  have  been  shown  by  later  in- 
vestigations to  be  fallacious.  When  the  acidity  of  normal  beer  was  sup- 
posed to  be  due  chiefly  to  lactic  acid,  the  formation  of  lactate  of  soda, 
which  would  be  converted  into  a  carbonate  on  ignition,  would,  theoret- 
ically, make  an  ash  which  would  effervesce  strongly  with  acid.  But  now 
that  it  is  known  that  the  acidity  is  due  to  acid  i^hosphates,  it  is  easily 
seen  that  the  addition  of  bicarbonate  would  oul}'  tend  to  the  produc- 
tion of  neutral  or  alkaline  phosphates,  which  would  give  no  effervescence 
with  acid.  This  is  shown  by  experiments  I  made  with  the  sample  of 
normal  beer.  Several  portions  of  lOOcc.  each  were  taken,  and  different 
quantities  of  bicarbonate  of  soda  added,  and  Avhen  solution  had  been 
effected  the  beer  evaporated,  and  the  residue  carefully  incinerated. 
The  test  for  the  presence  of  carbonate  was  made  very  carefully,  by  pour- 
ing a  few  drops  of  water  on  the  ash,  and  turning  the  whole  into  a  test- 
tube  containing  dilute  acid. 


No. 

Amount  bicar- 
bonate of  soda 
added. 

Eemarks. 

1       

grams. 
None 

No  elfervescence. 
Do. 
Do. 
S]io;bt  etfervescence. 
Strong  effervescence. 

2 

.1 
.  2 
.  5 
1.0 

3      ...           

4 

5... 

. 

It  will  be  seen  from  the  above  that  there  was  no  carbonate  in  the  ash 
until  sufficient  bicarbonate  was  added  to  the  beer  to  neutralize  all  its 
acidity,  leaving  an  excess  of  bicarbonate  in  the  beer.  In  Kos-  4  and  5 
the  beer  reacted  alkaline  before  evaporation. 
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The  same  beer  was  allowed  to  stand  until  it  had  become  quite  sour 
and  spoiled,  when  the  above  set  of  experiments  was  repeated,  with  the 


following  results : 


Xo. 

Amount  bicar- 
bonate ad- 
ded. 

Eemarks. 

1 

grams. 

Xo  effervescence. 
Slight  effervescence. 
Strong  effervescence. 

Do! 

2 

.1 

.2 

.5 

1.0 

3 

4 

5 

From  the  above  results  it  would  seem  that  the  bicarbonate  united  by 
l^reference  with  the  acetic  and  lactic  acids  formed  rather  than  with  the 
acid  phosphates  of  the  beer,  though  it  would  require  more  experiments 
on  the  subject  to  thoroughly  establish  this  point.  If  such  is  the  case, 
however,  it  will  be  possible  to  detect  the  addition  of  bicarbonate  to  a 
beer  that  has  soured,  though  not  to  a  normal  beer.  The  smallest  quan- 
tity used  in  practice,  according  to  the  Brooklyn  report,  is  one  ounce 
to  a  half  a  barrel,  which  would  be  about  1  to  2,000,  while  the  addition 
of  .1  gram  to  lOOcc.  would  be  1  to  1,000.  Girard^  gives  as  a  test  for 
the  addition  of  bicarbonate  of  soda  to  ciders  the. following  procedure  : 
Decolorize  with  bone-black,  evaporate  to  dryness,  treat  the  residue  with 
alcohol,  which  dissolves  the  acetates,  which  can  be  detected  in  the  alco- 
holic solution.  I  have  tried  this  test  with  very  indifferent  results,  as  I 
find  the  alcohol  dissolves  so  much  other  matter  from  the  dried  residue 
that  it  is  difficult  to  detect  the  presence  of  acetic  acid  in  small  quanti- 
ties. The  distillation  of  the  beer  in  a  current  of  steam^  after  the  addi- 
tion of  phosphoric  acid  offers  a  better  method  for  the  separation  of 
acetic  acid,  which  may  be  searched  for  in  the  distillate,  and  if  found  to  be 
IDresent  in  any  quantity,  while  the  acidity  of  the  beer  itself  is  normal  or 
below  normal,  the  addition  of  bicarbonate  of  soda  will  be  pretty  well 
established.  In  this  way  I  established  the  fact  of  the  addition  of  bicar- 
bonate in  iSTos.  4814  and  4816,  which  were  the  only  samples  of  which  I 
could  be  positive ;  and  although  I  strongly  suspected  several  of  the 
other  samples,  owing  to  the  difficulties  of  the  test  I  would  not  pronounce 
positively  upon  them. 

SALT. 

A  variable  quantity  of  chloride  of  sodium  is  a  normal  constituent  of 
all  beers,  being  derived  principally  from  the  water  used  in  the  brewing. 
Even  a  slight  further  addition  of  salt  might  be  deemed  admissible  to 
properly  "season"  the  beer  to  the  taste,  just  as  breadstuffs  are  treated. 
Many  brewers,  however,  are  in  the  habit  of  adding  a  large  quantity, 
either  for  the  purpose  of  covering  up  some  objectionable  taste,  or  of  in- 
creasing the  thirst  of  the  consumer.     The  English  Government  places 

1  Report  Paris  Municipal  Laboratory. 

s See  ui^cler  "Free  volatile  acids  iu  Aviues,"  page  34'^. 
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the  limit  of  chloride  of  soda  which  might  come  from  the  normal  con- 
stituents at  50  grains  to  the  gallon,  or  about  .086  per  cent.,  and  treats 
any  excess  of  that  amount  as  evidence  of  an  improper  addition.  This 
standard  is  undoubtedly  a  very  genero^as  one.  Dr.  Engiehart  found 
quite  a  large  number  of  the  samples  examined  by  him  to  overstep  the 
limit  of  50  grains  to  the  gallon,  one  sample  containing  as  high  as  .338 
per  cent.    Of  the  samples  examined  here  none  were  beyond  it. 

ESTIMATION. 

The  estimation  is  very  readily  carried  out  on  the  ash,  either  gravimet- 
rically  or  by  a  standard  solution  of  silver  nitrate  with  potassic  chro- 
mate  as  indicator.  For  careful  work  the  ash  should  be  simply  charred, 
so  as  to  avoid  loss  of  the  chloride  by  volatilization,  and  the  charred 
mass  extracted  by  repeated  additions  of  small  quantities  of  hot  water. 

CLOUDY  BEER. 

Cloudiness  in  beer  is  sometimes  due  to  the  separating  out  of  albuminous 
matter  from  changes  in  temperature,  but  usually  to  the  presence  of 
yeast,  the  fermentation  not  having  been  complete.  This  condition  of 
things  is  best  detected  by  means  of  the  microscope,  which  shows  the 
presence  of  quantities  of  yeast  cells,  and,  in  case  other  fermentations 
have  set  in,  of  their  characteristic  bacteria.  "Yeast-cloudy"  (liefe 
triihes)  beer  is  considered  unhealthy  in  Germany,  and  it  is  considered  one 
of  the  qualifications  of  a  good  beer  that  it  shall  be  absolutely  briglit  and 
clear.  An  extensive  investigation  of  the  unhealthfalness  of  yeast-cloudy 
beer  lately  made  by  Dr.  N.  P.  Simonowsky^  in  Pettenkofer's  laboratory, 
who  found  that  sach  beer  had  a  disturbing  efiect  in  both  natural  and 
artificial  digestion,  producing  in  persons  using  it  obstinate  catarrh  of  the 
stomach,  which  persisted  for  some  time.  Both  Simonowsky  and  Pet- 
tenkofer  conclude  that  the  sale  of  yeast- cloudy  beer  should  be  prohibited. 

The  Bavarian  chemists  at  their  last  meeting  at  Wiirzburg,  in  August, 

1886,  adopted  the  following  resolution  in  relation  to  yeast-cloudj'  beer: 

Beers  which  are  iucompletely  fermented  for  use  must  be  entirely  free  from  yeast; 
that  is,  must  not  contain  yeast  in  a  cloudy  suspension. 

'Zeit.  fiir  das  gesammte  Brauwesen?,  9  Jahrg.  1886,  No.  7,  8.  9;  abstract  Bled.  Cent., 

1887,  p.  70 
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The  statistics  in  regard  to  the  consumption  and  production  of  wines 
can  be  observed  by  referring  to  the  table  given  under  malt  liquors 
(page  2G7),  where  it  will  be  seen  that  in  the  year  1886,  22,067,220  gallons 
were  consumed,  of  which  17,366,393  gallons  were  produced  in  this 
country.  The  consumi)tion  per  capita  has  not  increased  very  greatly 
duriug  the  forty-six  years  since  1810,  but  the  total  amount  consumed 
has  increased  very  greatly,  it  being  less  than  5,000,000  gallons  in  1810. 
It  will  be  noticed  also  that  the  amount  i)roduced  in  this  country  in 
proportion  to  the  amount  imported  has  increased  to  a  remarkable  de- 
gree. In  1810  there  was  about  thirty-eight  times  as  much  wine  im- 
ported as  was  produced  in  this  country;  in  1886  the  amount  of  do- 
mestic wine  consumed  was  nearly  four  times  as  great  as  the  amount  of 
wine  imi)orted.  This  does  not  full}'  represent  the  production,  however, 
for  it  does  not  include  the  exports,  which  have,  increased  very  greatly 
of  late  years,  as  I  am  reliably  informed,  although  I  have  no  accurate 
data  upon  this  point.  The  largely  increased  domestic  production  is 
l^riucipally  due  to  the  development  of  the  industry  in  California. 

The  following  table  shows  the  relative  rank  of  this  country-  among 
the  wine-producing  countries  of  the  world ;  it  is  taken  from  the  same 
source  as  the  preceding  statistics  : 

WINE  PEODUCTIOX  OF  THE  WORLD. 

Average  production  of  wine  in  tlie  principal  wine-growimj  countries  of  the  world. 

[Estimate  by  M.  Tisserand  in  1881,  taken  from  "Journal  of  the  Statistical  Society,"  London,  1885.] 


Countries. 


France , 

Alseria 

Italy 

Spain 

Austria-Hungary 

Portugal , 

Germany 

Russia , 

Cyprus  

Switzerland 


Production. 


Impenal  gallons. 

765, 175,  972 

722,000.000 

605,  000,  000 

i84,  000,  000 

187,  000,  000 

88,  000,  000 

81,2!)0,  000 

77,  000,  000 

3.5,  200,  000 

28,  600,  000 


Countries. 


Greece 

Tnited  States 

Turkey 

Cape  of  Good  Hope. 

Koumania 

Servia    

Australia 


Total 


Production. 


Imperial  gallons. 
28,  600,  000 
18.  000,  000 
22,  000,  000 
15,  400,  000 
15,  400,  000 
11.000,000 
1,  933,  800 

2,  485,  599,  772 
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PREPARATION  OF  WINE. 

The  growing  of  grapes  for  wine  and  the  proper  treatmentof  the  juice 
for  its  conversion  into  wine  have  formed  the  subject  of  numerous  trea- 
tises, that  branch  of  technology  having  received  a  great  deal  of  attention 
and  study  in  countries  where  it  is  carried  on.  Only  a  short  sketch  of 
the  leading  features  of  the  process  can  be  given  here,  necessary  to  a 
proper  understanding  of  the  x^roduct  itself. 

Wine  is  properly  the  pure  fermented  juice  of  grapes ;  its  composition 
is  very  variable,  and  the  differences  in  the  varieties  of  grapes  used  admit 
of  almost  endless  modifications  of  the  product  obtained  from  them. 
Moreover,  many  other  conditions  affect  more  or  less  the  composition  of 
wine,  as  the  nature  of  the  soil,  the  climate,  the  method  of  cultivation 
pursued,  the  weather  during  the  particular  season  when  the  grapes  were 
ripened,  &c.  Thus  the  same  variety  of  grapes  when  grown  under  dif- 
ferent conditions  of  soil,  climate,  &c.,  produces  different  wines,  and 
even  in  the  same  country  the  same  variety  of  grape  produces  wines 
varying  considerably  in  different  seasons. 

The  most  important  constituent  in  the  grape  is  its  sugar,  from  which 
the  alcohol  is  formed,  so  as  a  general  rule  the  grapes  are  allowed  to  be- 
come fully  ripened  before  they  are  removed  from  the  vine.  The  first 
step  is  the  production  of  the  ')nust.  To  this  end  the  grapes  are  first 
bruised  and  crushed,  either  bj^  the  aid  of  machinery  or  by  the  more 
primitive  but  very  effective  method  of  trampling  them  by  the  feet  of 
men.  In  some  cases,  and  for  very  fine  wine,  the  woody  stems  are  re- 
moved from  the  crushed  grapes  (derdpage) .  In  other  cases,  especially  in 
white  wines,  they  are  left,  their  contents  of  tannin  making  them  a  de- 
sirable addition  to  the  grapes.  To  obtain  the  juice  the  grapes  are  sub- 
jected to  pressure.  The  amount  obtained  varies  with  the  means 
employed,  the  kind  of  grape,  &c.,  but  may  be  stated  at  about  GO  to  70 
per  cent,  of  the  weight  of  the  grapes.  For  red  wines  the  juice  is  allowed 
to  stand  in  contact  with  the  skins  a  variable  length  of  time  until  it  has 
acquired  from  them  the  desired  depth  of  color,  and  in  this  case  the  fer- 
mentation commences  before  the  juice  is  expressed.  All  musts  contain 
pretty  much  the  same  proximate  principles,  their  differences  being  due 
solely  to  the  relative  proportions  of  the  different  constituents.  Briefly 
stated,  these  constituents  are  as  follows : 

1.  Saccharine  matter  (chiefly  dextrose),  which  may  constitute  as  high 
as  25  to  30  per  cent,  of  the  must. 

2.  Albuminoid  matter. 

3.  Gummy  matter,  pectin,  &c. 

4.  Extractive  matter,  illy-defined  substances,  comprising  the  color- 
ing matters,  if  any,  the  flavoring  matters,  &g. 

5.  Organic  acids  and  their  salts,  comprising  malic  acid  (especially  in 
bad  seasons),  a  slight  trace  of  tannic  acid  derived  either  from  the  stems 
or  skins,  and  tartrates  of  potassium  and  calcium. 

G.  Mineral  matters:  Phosphoric,  sulphuric,  hydrochloric,  and  silicic 
acids  combined  with  x^otassium,  sodium,  iron,  and 
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7.  Water,  70  to  90  per  cent. 

The  must  is  fermented  in  suitable  vats  of  wood  or  stone,  according  to 
the  usage  of  the  country;  the  fermentation  is  produced  spontaneously, 
that  is,  b}"  germs  accidentally  introduced  into  it  from  the  air  or  on  the 
surface  of  the  grapes  themselves.  If  the  fermentation  does  not  take 
place  promptly  it  is  started  up  bj^  introducing  into  it  a  suppl3^  of  yeast- 
cells  from  some  must  which  is  already  in  a  state  of  fermentation.  Some- 
times a  small  quantity  of  must  is  ferniented  in  anticipation  of  the  vint- 
age season  as  a  '^  sponge,"  its  fermentation  being  first  induced  by  a 
small  quantity  of  well  washed  beer  yeast.  The  use  of  albuminous 
yeasts,  such  as  bread  yeast,  &c.,  is  generally  avoided  as  much  as  possi- 
ble, however,  as  tending  to  produce  lactic  and  acetic  or  other  objection- 
able fermentations  entirely  incompatible  with  the  production  of  a  wine 
with  a  delicate  flavor. 

The  temperature  at  which  the  fermentation  is  carried  on  has  a  very 
decided  influence  upon  the  character  of  its  product,  and  the  practice 
differs  in  different  countries  in  this  respect.  lu  California,  Spain,  South 
of  France,  Austria,  and  Hungary  fermentation  is  conducted  at  a  com- 
paratively high  temperature,  15°  to  20^  C,  while  in  German}^  a  low  tem- 
perature, 50  to  3  50  C,  is  employed.  As  with  beer,  the  yeast  of  either 
variety  of  fermentation,  high  or  low,  reproduces  the  same  kind  of  fer- 
mentation in  musts  to  which  it  is  added,  but  the  subject  of  the  different 
ferments,  as  a[)[)lied  to  wine,  has  not  been  so  carefully  studied  as  with 
beer.  The  high  fermentation  is  said  to  give  a  wine  rich  in  alconol,  but 
lackingin  bouquet,  while  the  reverse  is  the  case  with  the  low  fermenta- 
tion. 

The  duration  of  the  fermentation  varies  with  the  temperature,  the 
amount  of  sugar  to  be  transformed,  &c.;  the  completion  of  the  process 
may  be  tnown  by  the  cessation  of  the  disengagement  of  carbonic  acid 
gas  and  by  the  diminution  of  the  specific  gravity  of  the  liquid,  so  that 
the  areometer  marks  zero  or  less. 

After  fermentation  is  complete,  the  wine  is  drawn  off  from  any  sedi- 
ment it  may  contain  into  casks  or  barrels,  where  a  second  slow  ferment- 
ation takes  place,  continuing  sometimes  several  mouths.  When  it  is 
over,  the  wine  is  "racked  off"  into  fresh  casks,  which  are  closely  bunged 
up.  The  oi)eration  of  racking  off  may  have  to  be  repeated  several 
times,  and  it  is  sometimes  necessary  to  add  isinglass,  or  other  gelatinous 
material,  which  serves  to  clarify  the  liquid,  acting  on  the  tannin  which 
it  contains.    This  operation  is  called  "fining." 

CHANGES  PRODUCED  BY  FERMENTATION. 

The  principal  change  in  the  chemical  constitution  of  the  must  pro- 
duced by  fermentation  is  the  conversion  of  the  sugar  into  alcohol  and 
carbonic  acid.  One  hundred  parts  of  sugar  produce  50  parts  of  alcohol, 
in  round  numbers.  All  the  sugar,  however,  is  not  converted  into  alcohol 
and  carbonic  acid ;  a  small  part  is  converted  into  glycerine  and  succinic 
acid. 
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The  bitartrate  of  potash,  being  insoluble  in  alcohol,  is  gradually  de- 
posited as  the  content  of  alcohol  in  the  wine  increases,  and  forms  the 
substance  known  as  ^'argol"  or  crude  tartar.  This  distinctive  constit- 
uent, tartaric  acid,  constitutes  the  superiority  of  grapes,  over  other  fruits 
for  wine-making  purposes,  the  comparative  insolubility  of  its  acid  salts 
furnishing  a  means  of  removing  the  excess  without  the  addition  of  other 
chemical  agents. 

Other  changes  take  place,  especially  during  the  slow  second  ferment- 
ation, not  so  well  defined  or  so  well  understood  as  those  mentioned, 
but  of  great  importance  in  their  relation  to  the  quality  of  the  final  iDrod- 
uct.  These  changes,  which  continue  after  the  fermentation  has  ended, 
constitute  what  is  called  the  *' ageing"  of  the  wine  and  produce  its 
"  bouquet"  or  flavor,  generall^^  attributed  to  the  etherification  produced 
by  a  slow  action  of  the  acids  upon  the  alcohols.  Wine  improves  with 
age,  but  there  is  a  limit  after  which  it  degenerates  again  and  loses  its 
flavor. 

METHODS  FOR  ''IMPROVING"  WINES. 

In  France  and  Germany  several  methods  are  in  use  for  increasing  the 
yield  of  wine  or  improving  its  quality.  These  are  especially  resorted  to 
in  unfavorable  seasons,  when  the  want  of  sufficient  sun  prevents  the 
formation  of  enough  sugar  in  the  grape  and  the  proportion  of  acid  is 
high. 

Ghaptalization  consists  in  neutralizing  the  excess  of  acidity  in  the  must 
b}"  the  addition  of  marble  dust,  and  increasing  the  saccharine  content 
by  the  addition  of  a  certain  qnantity  of  cane  sugar,  which  the  vintners 
sometimes  replace  by  starch  sugar.  In  this  process  the  quantity  of 
the  wine  is  not  increased,  but  it  becomes  richer  in  alcohol,  poorer  in 
acid,  and  the  bouquet  is  not  injured.    It  is  much  used  in  Burgundy. 

GalUzation^  which  was  invented  by  a  German,  Dr.  Ludwig  Gall,  has 
for  its  object  the  production  of  a  standard  must,  which  shall  contain  a 
definite  proportion  of  acid  and  sugar.  This  is  brought  about  by  the 
analysis  of  the  must  and  the  addition  to  it  of  water  and  sugar,  the 
quantity  to  be  added  being  ascertained  by  reference  to  tables. 

Petiotization. — This  process,  which  takes  its  name  from  Petiot,  a  pro- 
prietor in  Burgundy,  is  carried  out  as  follows :  The  marc  from  which 
the  juice  has  been  separated  as  usual  by  pressure  is  mixed  with  ?, 
solution  of  sugar  and  water,  and  the  mixture  again  fermented — the 
second  steeping  containing,  like  the  first,  notable  quantities  of  bitar- 
trate of  potash,  tannic  acid,  &c.,  which  are  far  from  being  exhausted 
by  one  extraction.  The  i)rocess  may  be  repeated  several  times,  the 
different  infusions  being  mixed.  This  process  is  very  largely  used  in 
France,  and  is  said  to  produce  wines  rich  in  alcohol,  of  as  good  bouquet 
as  the  original  wine,  and  of  good  keeping  qualities.  It  is  not  allowed 
to  be  sold  there,  however,  as  natural  wine. 

To  what  extent  these  methods  obtain  in  this  country  I  am  unable  to 
state.  It  is  probable,  however,  that  they  are  but  little  used,  as  the 
principal  fault  found  with  American  wines  is  their  deficiency  in  bouquet, 


WINES.  323 

not  in  tbcir  content  of  sugar.  The  detection  of  wines  made  in  any  of 
the  above-mentioned  ways  is  rather  a  difficult  matter  chemically,  and  re- 
quires a  knowledge  of  the  composition  of  the  pure  product  only  obtained 
from  large  numbers  of  analyses,  extending  over  many  years ;  which 
data,  although  existing  in  abundance  in  European  countries,  are,  as  yet, 
lacking  here,  owing  to  the  comparatively  recent  development  of  the  in- 
dustry and  the  small  amount  of  work  done  on  the  subject. 

PRESERVATION  OF  WINE. 

The  method  ^ar  excellence  for  the  preservation  of  wines  is  Pasteuriza- 
tion, already  alluded  to  in  this  report  on  malt  liquors.  Thetemperature 
employed  is  from  50°  to  65°  C,  and  serves  to  completely  destroy  all 
vegetable  life  in  the  wine.  When  a  process  so  unobjectionable  in  every 
way  answers  its  purpose  so  admirably,  it  furnisl^es  an  additional  argu- 
ment in  favor  of  the  legal  suppression  of  all  chemical  means  of  arrest- 
ing fermentation  by  the  use  of  antiseptics,  &c. 

In  regard  to  the  use  of  antiseptics  for  the  preservation  of  wines,  I 
cannot  do  better  than  to  give  the  opinion  of  Prof.  E.  W.  Hilgard,  of  the 
University  of  California,  who  has  probably  done  more  than  any  other 
one  man  towards  placing  the  wine  industry  of  California  upon  a  scien- 
tific basis,  and  whose  work,  published  in  the  Bulletins  of  the  State  Ag- 
ricultural Experiment  Station,  I  shall  have  frequent  occasion  to  refer  to 
in  the  course  of  this  investigation.^ 

Addition  of  antiseptics. — As  before  stated,  any  of  the  fermentations  above  referred  to 
may  be  stopped  by  the  action  of  the  substances  known  as  disinfectants,  antiseptics, 
or  poisons.  It  should  be  unnecessary  to  argue  regarding  the  admissibility  of  addi- 
tions coming  properly  under  the  latter  designation ;  yet  it  is  true  that  in  Europe  such 
additions  have  not  unfrequently  been  discovered  in  wines  that,  if  left  to  themselves, 
would  soon  have  become  unsalable.  It  is  not  easy  to  draw  the  exact  line  between 
poisons  proper  and  those  substances  of  which  the  use  to  a  certain  degree,  and  in  a 
certain  way,  may  be  considered  admissible  for  the  purpose  of  stopping  undesirable 
fermentations  in  wines.  There  is.  however,  one  point  of  view  which  covers  the  whole 
ground  in  connection  with  the  use  of  wines  for  hygienic  purposes,  namely,  that 
whatever  impedes  fermentations  also  impedes  digestion,  which  is  itself  in  a  great  de- 
gree a  process  of  fermentation.  The  habitual  use  of  wiues  containing  antiseptics 
will,  therefore,  inevitably  result  in  functional  derangements;  and  this  is  so  well  un- 
derstood that  in  Europe  the  extreme  amounts  of  those  allowed  at  all  is  strictly  lim- 
ited by  law.  Thus  in  the  case  of  sulplmric  acid,  one  of  the  germicides  most  conmionly 
employed,  partly  in  the  form  of  the  acid  itself,  but  more  commonly  in  that  of  plaster 
(sulphate  of  lime)  added  to  the  grapes,  or  to  the  wine  itself.  The  tartaric  acid  of  the 
wine  is  thus  partially  or  wholly  replaced,  by  the  sulphuric,  tartrate  of  lime  being 
thrown  down  ;  and  thus  badly  made  wines  may  be  prevented  from  passing  onward 
juto  the  improper  fermentations,  and  becoming  undrinkable.  Salicylic  acid  is  effect- 
ual in  much  smaller  quantities,  and  at  one  time  it  was  thought  that  it  would  be  ad- 
missible to  employ  it  freely.  But  while  its  effects  upon  the  human  system  are  not 
apparent  at  first  in  most  cases,  yet  the  decided  and  unpleasant  results  often  produced 
ju  the  case  of  persons  of  weak  digestion  have  but  served  to  emphasize  the  general 
axiom,  that  we  cannot,  with  impunity,  continue  to  introduce  into  the  human  body 
substances  foreign  to  the  vegetable  and  animal  products  that  have  from  time  imme- 
morial constituted  the  nutriment  of  mankind.     If  some  persons  are  able  to  bear  for  a 

^  Report  of  Yiticultural  Work,  lS83-'84,  and  1884-'85,  page  32. 
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time  doses  of  salicylic  acid  that  will  completely  stop  digestion  for  some  hoars  in  the 
case  of  others,  it  is  altogether  unlikely  that  even  the  strongest  j)erson  could  continue 
its  use  indefinitely  without  injury.  After  some  years  of  toleration,  the  legal  pro- 
hibition of  its  use  in  articles  of  food  or  drink  seems,  in  Europe,  to  he  only  a  question 
of  time  ;  the  more  as  in  the  case  of  wines,  the  process  of  "Pasteurizing"  removes  all 
legitimate  reason  for  the  longer  continuation  of  a  doubtful  practice,  liable  to  gross 
abuse. 

In  view  of  this  fact,  it  is  curious  that  its  use  for  the  conservation  of  must  in  the 
unfermented  condition  has  not  only  been  extensively  introduced  in  this  country,  but 
the  resulting  beverage  is  especially  recommended,  as  a  healthful  and  harmless  substi- 
tute for  wine,  by  those  who  consider  alcohol  as  necessarily  harmful  in  any  form  and 
quantity.  A  few  years'  experience  will  doubtless  show  how  unfortunate  has  been 
the  choice  of  a  substitute  in  this  case. 

Aud  agaiu  as  follows  :^ 

Finally,  when  wines  are  not  entirely  sound— and  with  the  methods  of  fermentation 
now  in  vogue  this  is  a  very. prevalent  condition — the  remedy  to  be  applied  should  not 
lie  in  the  use  of  antiseptics,  sulphuring,  salicylic  or  boracic  acids,  and  the  like,  but  in 
the  simple  and  rational  heating  process  devised  by  Pasteur,  and  named  for  him.  The 
''Pasteurizer  "  should  be  an  indispensable  appliance  in  every  wine-house  ;  and  its  use, 
if  properly  understood  and  practiced,  will  at  once  do  away  with  nine-tenths  of  all 
doctoring  for  unsoundness.  The  universal  adoption  of  this  simple  and  inexpensive 
expedient  will  save  all  losses  now  sustained  in  the  shipment  of  our  young  wines,  and 
will  soon  do  away  with  the  reproach  that  "  Califoruia  wines  will  not  keep." 

If  in  the  face  of  all  these  facts  and  legitimate  substitutes  for  medication  there  are 
those  who  desire  to  adhere  to  the  old  doctoring  system,  it  is  at  least  the  right  of  those 
who  do  without  them  and  furnish  the  consumers  the  pure  product  of  the  grape  to 
have  a  legalized  mode  of  expressing  the  fact  on  the  packagcis. 

VARIETIES. 

The  different  kinds  of  wines  sold  can  be  numbered  by  the  hundreds. 
They  refer  usually  either  to  the  country  where  it  is  produced,  or  of 
whose  product  it  is  an  imitation,  as  Port,  Sherry,  Hochheimer,  Madeira, 
&c.,  or  to  the  variety  of  grape  from  which  it  is  made,  as  catawba,  ries- 
ling,  zinfandel,  &c. 

Ko  generally  recognized  classification  is  made  except  into  ivhite  or  red 
wines  according  to  their  color  ;  and  into  dry  or  sweet  wines  according  to 
their  content  of  sugar.  The  general  name  of  champagne  is  given  to  ef- 
fervescing wines. 

COMPOSITION  OF  WINE. 

In  countries  where  the  production  of  wine  is  one  of  the  leading  in- 
dustries, like  France  and  parts  of  Germany,  the  composition  of  the  wines 
made  is  very  well  established.  Scarcely  any  article  of  consumption  has 
been  the  subject  of  so  much  chemical  investigation  as  wine.  Thousands 
of  analyses  have  been  published,  so  that  one  is  at  a  loss  to  choose  among 
them  for  representative  figures. 

In  a  general  way  the  normal  constituents  of  a  natural  wine  may  be 
divided  into  two  classes,  volatile  and  fixed. 

The  volatile  matters  are  as  follows:  Water,  constituting  from  80  to 
90  per  cent,  of  the  weighty  alcohol,  5  to  15  per  cent.;  glycerine,  2  to  8 
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per  cent.  J  volatile  acids,  acetic,  ceiianthic,  &c.,  coQStituting  one-fourth 
to  one-third  of  the  total  acidity  5  aldehyde,  compound  ethers,  together 
with  the  other  fragrant,  indefinite  constituents,  which  give  the  wine  its 
flav^or  and  bouquet;  carbonic  acid  gas  in  small  quantities  in  young  wines. 

The  fixed  matters  are :  Glucose  or  grape  sugar  in  smaU  quantities  in 
most  wines;  bitartrate  of  potash,  tartaric,  malic,  and  phosphoric  acid, 
partly  free  and  partly  combined  with  potash,  lime,  soda,  aluminum, 
magnesium,  iron,  and  manganese,  of  which  salts  phosphate  of  lime  is 
the  most  abundant,  constituting  from  20  to  60  per  cent,  of  the  weight 
of  the  ash,  the  remainder  being  chiefiy  carbonate  of  potash  resulting 
from  the  calcination  of  the  bitartrate,  with  a  little  sulphate  and  traces 
of  chlorides.  Coloring  matters :  Pectin  and  analogous  gummy  matters; 
tannin,  1  to  2  per  cent,  in  red  wines,  mere  traces  only  existing  in  white. 

The  following  table  of  the  composition  of  French  wines  is  taken  from 
Wurtz's  Dictionnaire  de  chimie: 

Average  composition  cf  French  ivines. 


.1 

Alcohol 
by  vol- 
ume. 

In  grams  per  liter. 

L 

Extract 
at  100° C. 

Glycer- 
ine. 

Bitar- 
trate of 
potash. 

Ash. 

Total 

acidity  as 

H2S64. 

Remarks. 

^^f           Red  koines. 

Mean  of  French 

wines. 
Bixr"'unfly 

Per  cent. 
10.0 

18.9 
16.9 

5.  6-7.  6 
5.8 

1. 2-5.  0 
1.8 

1.  2-3. 8 

2.5 
2.5 

Extract  (max.  40.5, 
rain.  15.  0). 

Meiirsault        .                    10. 3 

Alcohol  (max.  13.0, 

Pomard    11.5 

min.  9.  4). 
Alcohol  (max.  13.3. 

Volnay 10.5 

miu.  10.2). 
Alcohol  (max.  12.6, 

23.  6 

min.  7.3). 

nary. 
Tetits  Burgundj' . . . 

Beauiolais 

7.8 
10  4 

15.6 

20.7 

old. 
Wines    one    year 

old. 
Wines  three  years 

2.17 
1.  6-3.  0 

0  A 

7.1 

2.3 

old. 
Alcohol  (max.  10.9 

min.  7.9). 
Alcohol  (max.  9.7, 

Bordeaux  superior              -  1 

16.4 

.15 

Vins  de  I'Herault, 
(not  plastered). 

Vins  de  I'Herault, 
(plastered). 

Aramon  (plastered) . 

10,1 

10.3 

10.0 
12.4 

10.8 

7    8 

19.0 

20.0-25.0 

24.0 

6.  5-7.  6 

2.2 


1. 7-3.  5 

3.  2-4.  G 

2.95 

2.  5-5.  6 
4.  9-5. 1 
4.2 

min.  7.3). 
Extract  (max.  23.0, 
min.  16.0). 

(1876). 
Narhonnes  (not 

plastered). 
Petits  Xarbon  n  e  s 

18.8 

2.  0-3.  0 

Alcohol  (mas.  14.0, 

min.  8.4). 

(1876). 

2.4 

2.66 
1.8-5.3 

. 

(1875). 
Vins  de  la  Marne                11  4 

24.1 

Alcohol  (max.  14.0, 

Vins  de  Cahors         i          in  7 

min.  6.7). 
Alcohol  (max.  14.3, 

9.8 
9  7 

23.8 

1.4 

1.  4-2.  0 

min.  8.  9). 
f  Alcohol(max.l2.4, 
!      min.  7.  5). 
\  Extract  (max.28.8, 
t     min.  18.9). 

Garonne. 
White  wines. 
Chablia  (6  months).. 

2.51 

Picpoul 

11  5                18  " 

3.5 

4.5 

4450— is^o.  13^  pt.  3- 
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The  following  table  of  the  average  composition  of  wines  of  various 
u.  s.  w. : 

Average  conqwsition  of  the  wines  of  all 


Counrry. 


America  (Virginia) . . . 

Australia 

Africa 

Minor  Asia 

Crimea 

Greece 

Spaia 

Italy 

Sicily.. 

3^'rance' 

Switzei'land 

Austria 

1.  Lower  Austria 

2.  Styria 

3.  Tyrol 

4.  Mahren 

5.  Bohemia 

6.  Carniola 

7.  Hungary 

8.  Transylvania. 

9.  Sclavonia 

10.  Croatia 

11.  Dalmatia 

Germany 

1.  Saxony 

2.  Silesia 

3.  Mosel-Saar 

4.  Ahrgegend  ... 

5.  Eheingau 

6.  Kheingau-Berg 

str 

7.  Palatinate 

8.  Franconia 

9.  "Wiirtemburg  . 

10.  Baden 

li.  Alsace 

German  kinds. 

Eiesling 

Traminer 

Eulander 

Gutedel 

"Weissherbst 

Burgunder 

Clevnerblau 


.3  5 


Specific  gravity. 


Alcohol  by  volume. 


523 

122 

95 

4 

4' 

19 

11 

154 

4 

38 


30 
62 
78 
27 
330 
12 


12 


1.  0117 


k 

7|1. 

71. 

407|l. 

8611. 

27il. 

140. 

488il. 

113J1. 

8011. 

4:0. 

40. 

10,0, 

110. 

1451. 

4  0. 

38  1. 

70  1. 

1  . 

224  1. 

1  . 

1'. 

4  0. 

110. 

42  1. 

26  0. 
41  1. 
69  1. 
13  0. 
16  0. 
37,0. 


a 

p" 

p 

S 

a 

^. 

^ 

Acids,  as  tartaric. 


0.  9875  0.  9956] 


0892  \ 
00110, 
025}  0, 
0700  1, 
0879  0. 
0976  0. 
0019  0. 
9930  0. 
0797  0, 
0034  0, 
0797  0. 
9900  0, 
9912  0, 
9991  0. 
9963  0. 
0201  0, 
9928  0. 
0012,0 
0080,0, 


0833,0. 


9977:0, 

99,l0;0, 

032310. 

9996  0. 
0034  0. 
0S33  0. 
9982  0. 
9986  0, 
9950  0, 


0. 

0051  1. 

9875  0. 
9D09  1. 
0370  1. 
8934  I. 
9S9.")  1. 
9010  0. 
9,180  0. 
9896  0. 
9898  0. 
9908  0. 
9952  0. 
93320. 
9921  0. 
9939  0. 
99l00. 

9876  O. 
99210. 
9910  0. 

0. 

9960  0. 

0. 

0. 

9930  0. 
9915  0. 
9960  0. 

9910  0. 
9868  0. 
9762  0. 
9037  0. 
9935  0. 
9860  0. 


9976; 
9946' 
9944: 
9956^ 

99.50, 
9955 
9940 
9956 
9945 


17  1.  0025  0.  9911  0.  9948 
6  0.9997  0.97620.9921 


0.  9939 


0.  9927  0.  9934 

0.  9966 

0.  9950 

0.  9982:0.  9933  0.  9955 


993S 

0325 

9942 

0109 

0593 

0019  40 

0225 

99:.2 

9904 

9941 

9857 1 

9987  j 

99.59; 

9937 

99.50 

9952! 

996  I ' 

9914 

9944 

9943   66 

9950:    1 

9954!  615 

9975!   2 


I 
P.ct. 
12.69' 
18.0 
20.3 
18.0 
16.  93 
18.0 
16.1 
21.  95 
27.15 

14.0  I 

13.1  ! 
18.8  i 
15.7 

15.3  : 

8.3  , 
11.7  i 
14.1  ! 

10.  5 
18.8 
12.8 
1.5. 1 
13.6 


P.  ct. 

8  56' 
14.1 
18.0  i 
13.0 

9.  08i 
12.4 
12.5 

8.4O1 
13.  70 


8  4 
10.5 
9.3 


16.0 
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37 


14.2 
11.2 
16.0 

11.7  I 
13.3 
13.3  \ 
1.5.5  : 

15.6 : 

12.06 


14.7 
14.3 
14.6 
12.1 
13.5 
13  4 
15.2 


7.9 

6.8  ; 

6.  5  i 
7.0  j 
5.7  i 
6.20 


8.8 
8.7 
9.4 
8.9 
8.3 
9.0 
8.2 


P.  ct. ! 

10.621, 
15.  5  ! 

19.1  ; 

14.3  i- 

12.  80 

15.4  i. 
14.6  I 

13.  86 
18.  08 

9.9 

9.0 
11.0 
13.0 
12  0 

7.9 

10.6  ' 
11.6 

9.2 
12.2 
11.7 
11.3  I 

10.5  I 

10.7  ! 
10.1 

9.  0  , . 

0.5  . 
10.6 

9.8 
11,3 

10  0  i 
10.7  ; 
10.6 
11.4 
11.2 
10.  28 


11.3  I 
11.8  I 
11.0  i 
10.3  I 
11.2 
11.2 
11.5 


P.ct. 
12  1.  02 
5  0.  510 
3  0.  370 


310.854 


407^1.  0425 
86  0.  8352 
40  0.  970 
68  0. 750 
499  0.  995 
113  0.  910 
92  0.  995 

3  0.612 

4  0.  727 
19  0.806 
110.811 

144,0.958 
4  0.498 


P.ct. 
0.52 
0.450 
0.  22-4 


0.  350 


0.  276 

0.  38( 
0.19- 
0.  37( 
O.IK 
0.  434 
0.  lie. 
0.461 
0.496 
0.426 


P.  ct. 
0.671 
0.  494 
0.  275 


0.592 


0.  339 
0.  674 
0.  591 
0.506 
0.528 
0.  5;<8 
0.632 
0.661 
0.  523 
0.577 
0.613 


0.  465i  0.601 
0.349:  Q_(335 


0.928 
0.944 


0.433 
0.  573 
0.449 


1.354   0.050 


0.469 
0.  697 
0.687 
0.460 
0.  599 


7i  0.  660  0.  560  0.  612 
11'  0.  .559  0.390  0.485 
48  0.750  0.332  0.545 


0.810 
0.  779 
1.3.54 
0.  83u 
1.087 
0.  705 


0.3.59    0.592 
0.350    0.541 


0.453 
0. 3.50 
0.050 
0.  332 


0. 

0. 
19  0. 
32  0. 
15  0. 
26  0. 
30|  0. 


900  0.080 

907  0.330 

780  0.420 

705  0.274 

640  0.286 

756  0.429 

907:  0.416 


0.850 
0.618 
0.  540 
0.543 

I 

0. 659' 

0.  5881 
0.  502i 
0.53i 
0.  526; 
0.574! 
0.  595] 


'  Per  cent,  by  weight. 
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origin  consumed  in  Germany  is  taken  from  Kouig's  Nalirungsmittel, 

countries  {Wagenmann  and  Eonig). 


Sugar. 

Extract. 

Tannin     and    coloring 
matter. 

Ash. 

g 

g 

a 

o 
'3 

a 

2 
3 

a 
1 

a 
a 

a 

a 

6  3 

a 

a 

a 

a 
1 

a 

i 

i 

g 
a 

12 
5 

P.ct. 
3.  703 
3.500 

P.ct. 

0.031 
0.840 

P.  ct.                 P.  ct. 

0.724         121  6.41 
1.  486          -'^i  4  son 

P.ct. 
1.41 
2.600 
4.190 
2.  400 
1.  3.53 
1    400 

P.ct. 

2.581 
3.240 
4.  580 
6.  •>92 

P.ct. 
12  0.019^ 

P.  ct. 

0.022 

P.ct. 
0.0092 

12 

P.ct. 
0.30 

p.  H 
0.12 

P.  c^ 

0.  175 

2    5.  .510 

8,16.230 

331  4.515 

9    4  800 

1 

1 
"""33 

j 

0  4^8 

1 

'6.'i43 

'6.'267 

1 

5 

3.403 

0.040 

1.563 

2.516 
3.418 
16.  520 

9|  6.503 

0.382 

0.153 

0.227 

7 

14.  700 
20.  976 

9.90011-900 

8  18.  780  14.  400 

i 

82 

0.179 

3.630 

407  21.886 
86  '>7  040 

0.746 
0.746 
1.080 
1.293 
0.870 
1.790 
1.090 
1.070 
1.  880 
1.850 
1.48(1 

3.259 
8.442 

82   0.339 

0.003 

0.073 

407 
80 

0.743 
0  K.-i7 

0.057 
0  1 8:1 

0.214 
0.303 

3 

14 

9 

0.180 
0.120 
6.100 

6.109 
0.025 
1.  200 

6.159 
0.063 
2.  647 

40 
14 
495 
122 

77 
4 
4 

12.  600 
2.689 

23. 140 
6.320 

23. 140 
1.850 
2.280 

3.036 
1.878 
2.422 
2.650 
3.730 
1.  7.50 
2.010 
2.620 
2.000 
3.050 
1  750 

10 

0.229 


6.194 
.0. 194 

0.186 

'6.' 109 
0.109 

0.207 

'6"i39 
0.139 

17    0.  2.52;  0. 174 
14    0..502    0.134 
186   0.323,  0.077 
17    0.311;  0.162 
47    0.  305;  0.  087 
4   0.  228;  0. 154 

0.216 
0.249 
0.188 
0  241 

2 

3.360 

0  105 

0  184 

19    3.910 
11    2.510 





71  0.297 
1]    0.  2f.9 

0. 128 
0. 120 
0.077 

0  197 

i                1 

aiob 

"i.'2O0 

1.620 
2.960 

0. 182 

ii.    " 

14910.700    0.870 
4   2.170    1.450 
38   3.890|  1.510 
60    .5.  OOOi  1.210 

5 

0.175 

6.  iii  6.i4i 

36 

0.288 

0.192 



2.360 
2.140 
2.600 
2.  502 
3.000 
2.100 
1.892 

14 

49 

1 

94 

6.286 
0.323 

0.  145 
0.111 

6. 191 



0. 167 

^^K 

1 

386 

2 

1 
9 

.. 

1 

0.170 

H409 

8.628 

0.010 

6.470 
1.000 

io.  555 

0.520 

41 



0.272 

0.076 

0.145 

0.314 

0.108 

0.194 

^B....: 
^..... 



11 

30 

15 
43 
6 
18 
279 
29 

75 
33 

0.520 
0.674 
8.  628 

1.  500 
3.  500 
0. 154 
1.400 
4.540 
0.188 

4.540 
4.1G0 
1.  500 
0.  610 
2.100 
0.275 
3.330 

0.120 
0.  050 
0.080 

0.100 
0.010 
0.081 
0.080 
0.046 
0.013 

0.091 
0.046 
0.059 
0.077 
0.070 
0.087 
0.076 

0.  241 

9.  .f,n6 

1.  500 
2. 137 
1.640 

1.040 
1.710 
1.112 
2.750 
0.520 
1.228 

0.790 

0.  .-20 

1.  320 
1.420 
1.770 
1.360 
1.390 



"6."  272 
0.261 

0.235 

'6.' 666 

0.091 
0.091 

'6."2i4 
0.141 

0.148 
0.076 

1 
11 
29 

17 

22 

0.203 

0. 1.59|        Hi  2.885 
0.9641        50  10.555 

0.410         31    4.100 
0.560'        49j  7.300 
0.138         70'  9.445 
0.3051         17    2.920 
0.4421       1341  3.545 
0  087         36'  91  389 

2.671 
3.087 

2.588 
2.  236 

10 
16 

0.261 
0.314 

0.275 
0.205 

0.099 
0.120 

0. 125 
0.108 

0.213 
0.215 

0.213 
0.137 

3.165 
2.  255 

1.730 
1.784 

2.  462 
2.200 
1.848 
1.781 
2.012 
2.170 
2.364 



14 
25 

5 
2 

6.2551  6.163 
0.387    0  in.-> 

0.183 
0.  225 

1 
i 

0. 458i        36 
0. 480         16 
0. 239         14 
0.  124         24 
0. 586           4 
0.119         14 

9.940 
3.612 

2.700 
2.  735 
2.290 
2.  706 
4.167 

0.190 

0.146 

0.170 
0.183 

20 

26 
12 

5 
2 
2 
3 

0.183   6.160 

0.172 
0.190 

23 
28 

^ 

0.272 

1 

0.  229 

0.871 

12 

6.272    6.166 

0.230 

6. 253  6.  isi 

0.212 

2  Given  as  tannic  acid. 
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COMPOSITION  OF  AMERICAN  WINES. 

The  earliest  analyses  of  Americau  wines  on  record  were  made  by 
Merrick/  in  1875,  comprising  six  varieties  of  California  wines. 

In  October  of  the  same  year  Mallet  and  Cooper ^  published  analyses  of 
twelve  samples  of  Virginia  wines.  The  mean  of  these  analyses  is  given 
in  the  table  from  Kouig. 

The  work  of  Professor  Hilgard  on  California  wines  began  in  1880  and 
has  continued  down  to  the  present  day,  the  results  being  published  in  the 
Bulletins  of  the  Station.  These  publications  include  extensive  series 
of  analyses,  which  afford  a  most  valuable  index  of  the  composition  of 
California  wines,  especially  as  many  of  the  analyses  were  made  on  wines 
manufactured  in  the  laboratory  and  hence  known  to  be  absolutely  pure. 
A  standard  of  composition  could  very  properly  be  established  from  them, 
and  a  limit  for  the  amount  of  each  constituent  present  in  pure  wines,  by 
which  the  addition  of  alcohol,  water,  sugar,  &c.,  in  sophisticated  wines 
could  be  detected.  The  number  of  different  determinations  made  on 
each  sample  is  not  very  large,  unfortunately,  including  only  the  more 
important  constituents.  I  give  below  tables  of  the  entire  work  done 
on  wines  known  to  be  pure  : 

Comjyositioyi  of  ivines  made  at  the  Viticultural  Lahoratorij,  1S84. 


Variety. 


Alcohol. 


Body. 


Bordeaux  type. 


Malbeck 

Caberuet  Eranc  

Do 

Caberuet  Sauvignon. 

Meiiot 

Verdot 


Tannat  .... 

iJeclan 

('arJo-Qane  . 
Grossblaue 


Burgundy  type. 


2.68 
2.84 
2.13 
3.19 
2.44 
2.77 
2.69 
2.64 
2.18 
2.10 


By  By 

weight,  volume. 


Acid 
Tan- ;    as 
nin.      tar- 
taric. 


Black  Burgundy 2.77 

Black  Pinot 2.11 

Meunier |  2.  55 

Do i  2.44 

Zinfandei ■ 


Do 
Do 

Do 
Do 


Southern  French  and  Italian  types. 


Trousseau... 

Do.... 
Petite  Sirah. 

Do  ... . 
Serine 


2.36 
1.93 


2.66 
2.28 
2.65 
2.79 


P.  ct. 

8.34 
9.63 

8.48 
9.92 
9.20 
9.78 
7.46 
8.84 
7.92 
9.20 


9.34 
6.42 
10.07 
6.95 


P.  ct. 

10.42 

12.00 

10.  58  ■ 

12.  36 

11.42 

11.82 

8.92  i 
11.00  1 

9.90  I 
11.42 


11.64 
8.00 

12.55 
8.64 


1\  ct. 
.100 
.035 
.070 
.079 
.065 
.071 
.171 
.053 
.063 
.065 


P.  ct. 
.450 
.480 
.607 
.540 
.467 
.438 
.633 
.381 
.527 
.572 


Ash. 


P.ct. 
.393 
.432 
.29:i 
.447 
.394 
.409 
.353 
.260 
.285 
.252 


.  188  . 765 
.133  ;  .750 
.025  .525 
.  055     .  622 


9.75 
9.25 


.036 


.277 
.310 
.419 

.285 


,450 
,633 


,425 

,200 


11.23 
9.92  I 
10.07 
10.81 


13.73  I  .075 
11.  64  1  .  0.50 
12.54  .092 
13.27  I  .108 
10.  58  1  .  063 


485 
474 
401 
293 
510 


379 
349 
406 
339 
400 


'Amer.  Chemist  6,  85. 


-  Chem.  News  32,  ICO. 
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Body. 

Alcohol. 

Tan- 
nin. 

Acid 

as 
tar- 
taric 

Variety. 

By 

weight. 

By 
volume 

Ash. 

1 

Southern  French  and  Italian  types— Contmned. 
Mondeuse         .        ..       ....... ................. 

2.64 
2.84 
2.60 
2.32 
2.60 
1.67 
1.93 
2.44 
2.87 
2.72 

P.ct. 
9.  .56 
9.92 

10.44 
9.05 
7.92 
8.48 
7.43 
8.84 
9.27 
9.92 

P.  ct. 
11.89 
12.27 
12.  90 
10.73 

9.88 
10.  58 

9.27 
11.00 
n.55 
12.  36 

P.ct. 
.173 
.141 

.070 
.065 
.054 
.105 
.065 
.089 
.117 
.003 

P.ct. 
.498 
.405 
.490 
.496 
.553 
.480 
.532 
.583 
.493 
.510 

P.ct. 
242 

Do - 

362 

Cinsaiit            .                 ...   .........     .  .........  

375 

356 

Stourastel 

291 

281 

Do 

.277 

Petit  Boiiscliet          

234 

Do        

.369 

Claire tte  Rou "'6                       ....       .                                ...... 

293 

Bfirbeva ..... . ... ................ 

3.00 
3.71 
1.93 

8.13 
8.98 
8.27 

10.10 
11.17 
10.25 

.060 
.075 
.  040 

.630 

.582 
.585 

.376 

Do           

511 

Blau-Elbling 

.  340 

.__ 

DryvjMte  wine  varieties. 
Semillon               •       .       .--  .     .     . ........  .... . 

Do            

1.93 

9.92 

12.30 

.450 

.  175 

Do                 

2.10 
2.18 
2.13 
2.44 
1.66 
1.80 
2.05 
1.65 
1.36 
1.88 
1.85 
1.66 

1.18 
1.85 
1.95 
1.32 

9.92 

10.26 

11.46 

10.  81 

9.92 

7.43 

8.41 

8.55 

10.54 

9.20 

10.54 

9.27 

9.63 

11.08 

9.92 

7.85 

12.30 
12.75 
14.00 
13.27 
12.36 
8.75 
10.50 
10.63 
13.00 
11.46 
13.00 
11.58 

12.00 
13.50 
12.50 
9.82 

.453 
.553 
.432 
.498 
.593 
.570 
.600 
.528 
.468 
.563 
.428 
.573 

.555 
.528 
.519 
.525 

.  157 

Do 

192 

!Muscadelle  du  Boidelais  (loose  bunches) 

208 

.342" 

FoUe  Blanche  ("Tanuat") 

214 

Folle  Blanche 

Biir<''er                     ...     ...........     ...     ...       .. 

.235 
260 

"^  Do 

.  181 

Uoussanne           .                 ... 

■^eo 

Marsanne      

.  170 

Clairctte  Blanche 

.212 

" Pecoui  Touar"  (') .... 

.234 

Sherry  and  Madeira  varieties. 
Pedro  Jimenes               ..... 

390 

.250 

.306 

Mantuo  de  Pilas .     .  ., 

.265 

Moiii'isco  BraDCo 

Beba 

2.10 
2.82 
2.00 
2.00 
1.60 
1.69 

11.69 
12.39 
9.27 
8.91 
7.92 
8.13 

14.27 
15.20 
11.58 
11.10 
9.91 
9.82 

.503 
.417 
.060 
.510 
.543 
.217 

.372 

Verdelho 

.330 

Boal  Madeira    

.264 

TJgni  Blanc 

.299 

Malmsey 

160 

Mala  "-a 

''40 

Port  wine  varieties. 
Tinta  Cao 

Tiuta  Madeira 

Tinta  Amarella  (not  fully  ripe) 

2.36 
2.39 

9.05 
9.56 

11.27 
11.  91 

.058 
Slight 

.501 
.525 

.440 

Tinta  liuarella  (fully  ripe) 

.470 

Moretto 

Bastardo 

3.12 

10.35 

i 

12.83 

.062 

1 

.507 

.504 
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Variety. 

Body. 

Alcobol, 

Tannin. 

Acid. 

Asb. 

By 

weigbt. 

By 

volume. 

Tartaric. 

VolatHe. 

Bordeaux  type. 
Malbeck^                             

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

P.ct. 

Pleffer's  Cabernet    

2.99 
2.  69 

2.69 

2.69 

3.07 
2.84 
2.20 

8.84 
10.54 

8.13 

9.20 

9.63 
8.91 
7.37 

11.00 
13.00 

10.17 

11.45 

12.00 
11.09 
9.18 

.123 

.101 

ni).179 

h2).153 

'21 

.071 
.110 
.040 

.846 
.516 

1       .486 

.420 

.555 
.600 
.525 

.273 

Do 

.290 

Do 



.366 

Merlot 

.  310 

Burgundy  type. 
Burgundv 

.226 

Bl.  Pinot  or  Tree  Burgundy 

Black  Pinot 

.315 

.214 

Franc  Pinot  ^ 

Zinfandel  ^ 

Do           

2.69 
2.69 

8.84 
11.46 

11.00 
14.00 

.086 
.133 

.576 
.417 

.290 

Do 

.280 

Charbono ' 

Do 

2.69 
2.26 
2.18 
1.80 

7.09 

7.78 
7.23 
6.42 

8.85 
9.73 
9.00 
8.08 

.112 
.160 
.209 
.130 

.495 
.420 
.547 
.502 

.270 

Do 

.290 

Do       .            

.27.0 

Do 

.330 

Southern  French  and  Italian 
type. 

1.98 
3.07 
1.80 

2.84 

1.80 
1.80 

1.80 
2.69 
1.93 
1.68 
1.52 
3.82 
1.80 
2.26 
2.30 
2.15 
2.60 

2.15 

2.10 

7.23 
8.06 
6.82 

8.84 

10.54 
6.42 

9.63 
9.63 

8.13 

8.84 

4.'?6 

8.48 

9.05 

8.84 

11.23 

10.54 

10.54 

10.54 

11.08 

9.00 

10.08 
8.54 

11.00 

13.00 
8.07 

12.00 
12.00 
10.16 
11.00 
6.00 
10.58 
11.27 
11.00 
13.73 
13.00 
13.00 

13.00 

13.54 

.080 
.184 
.070 

.108 

.487 
.555 
.450 

.578 

.351 
.517 

.615 
.675 
.645 
.540 
.480 
.600 
.352 
.591 
.481 
.525 
.576 

.503 

.713 

.290 

.340 

.236 

Blend:   90  per  cent.  Zinfandel,   10 
per  cent  Cbarbono 

.213 

Dry  white  varieties. 
ChanrliB  Grid 

.250. 
.188 

.217 
.45t 
.195 
.183 
.225 

.m 

.160 
.280 
.244 
.146 
.187 

.191 

.184 

A'erdal 

Onetliird  Golden  Cbasselas,   two- 
thirds  Buro'er 

"^  Do 

Do                   .          

Do 

Franken  Eiesling^ 

.366 

Zinfandel,  second  crop,   "filtered". 
Zinfandel,  97^  per  cent.;  Yerdal,  2* 

Burger,  50  per  cent. ;  Zinfandel  50 

^  K'ot  enough  for  ^yine•makin' 


2  Sugar  =  65  per  cent. 
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Alcohol. 

.9 
'5 

!l 

< 

Variety. 

'S 

a 

Bordeaux  type. 
Malbect 

Per  cent. 
8.27 
9.78 
8.48 
9.05 
8.34 
7.92 
9.70 
8.34 
7.23 
7.64 
9.27 

Per  cent. 

10.36 

12.18 

10.58 

11.27 

10.42 

9.90 

12.  09 

10.  42 

9.00 

9.54 

11.55 

P.ct. 
.132 
.204 
.  226 
.190 
.208 
.166 
.316 
.090 
.251 
.186 
.172 

p.ct. 
62 

Cixbernet  IFranc .....  . . ..   ..  ........ .. 

45 

C'lboi'uctr  Sixiivifnon 

.52 
.42 
.73 
.79 
.77 
.60 
.53 
.60 
.69 

I'ft'ffei's Cabernet    . ...            .  .   ...   ........ 

Do 

Gros  Venlot 

TJcclau                                                   .                      ... ... 

Do                                .                                                   

Do 

G.95 
7.09 
7.23 

8.84 

9.99 
7.64 

8.70 

8.85 

9.00 

11.00 

12.46 
9.54 

.169 
.195 

.108 
.276 

.226 
.220 

.81 
.72 
.52 
.57 

43 

Do                                                                                          .... 

Black  Harabui'o- 

West's  St  Peter's  (?)                                                                   

Burgundy  type. 
Bu.T'f'nndv -           -- ... .-    - ........... 

Ciabb's  Black  Burgundy 

Do                         .          .          

.47 

"Buri-iindy"  (Chauclio  ISToir  ?) 

9.92 
8.48 
9.92 

10.81 
9.92 
9.49 
9.92 
9.92 

11  62 
9.20 
8.48 
7.23 
7.78 
7.09 

10.63 
9.56 
8.84 
7.64 
7.99 

12.36 

10.58 

12.30 

13.27 

12.36 

11.82 

12.36 

12.36 

14.20 

1 1.  45 

10.58 

9.00 

9.73 

8.85 

13.09 
11.91 
11.00 
9.54 
10.10 

.074 
.106 
.076 
.153 
.112 
.133 
.193 
.104 
.140 
.091 
.169 
.148 
.103 
.151 

.090 
.051 
.107 
.127 
.317 

41 

.38 

Petit  Pinot  {]) 

53 

Piuot  (?) 

.35 

Piuot  St.  George 

.53 
.55 

Do 

.40 

.54 

Do 

.54 

Do 

.59 

Do 

.94 

Do 

.55 

.71 

Ziufaudai  (?)  (Row  31)        .   ..                                              ...  

.64 

Southern  French  and  Italian  types. 
Trousseau .... 

.45 

.51 

Sirah .                  .  .. 

.65 

.78 

Do     

.64 

Do 

Cinsant 

7.78 
7.99 
9.20 
9.85 
8.34 
8.48 
8.13 
8.91 
6.49 
7.37 

6.89 
7.43 
7.09 

9.73 
10.00 

n.45 

12.27 
30.42 
10.58 
10.17 
11.09 
8.15 
9.18 

8.61 
9.27 
8.85 

.153 
.110 
.153 
.278 
.114 
.169 
.172 
.215 
.160 
.256 

.095 
.146 
.179 

.90 

Do 

.52 

Barbera 

.85 

.73 

Do 

.64 

.90 

Nebbiolo  Bourgu ... 

.82 

.86 

Fresa    . 

1.12 

Blend :  Barbera ;  Horbemont,  one-third  ;  Fresa 

.63 

American  type. 

.74 

Do 

.50 

.61 

Isabella  rei'ia 

Dry  white  wine  varieties. 
Semillou 

7.23 
7.23 
7.78 
8.48 

9.00 

9.00 

9.73 

10.56 

.55 

Sauvignon  Vert 

.53 

Folio  Blancbe .                       

.59 

Burger 

.47 

332  FOOD  AND  FOOD  ADULTERANTS. 
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Alcohol. 

'S 

h 

Variety. 

1 

% 

6 

a 

s 

1  ■ 

11 

Dry  white  wine  van'e<(5s— Continued. 
Burger .        

Per  cent. 
4.14 
7.99 
6.95 
8.48 
7.09 

Per  cent. 

5.23 
10.00 

8.70 
10.58 

8.85 

P.ct. 

P.ct. 

.81 

Do 

.33 

Kleinliersror      .     .... ....                                          ..... 

.43 

.56 

Clairette  Blanche  .... 

.41 

Do 

Do 

7.57 
8.48 

7.oy 

9.45 
10.58 
8.85 

.85 

Do 

.47 

.45 

Franken  Kiesling 

Do 

7.23 
7.37 
9.20 
8.13 
G.89 
8.27 
8.98 
8.27 
8.70 
8.13 
9.05 
9.27 
8.48 

9.00 
9.18 
n.45 
10.17 
8.61 
10.36 
11.18 
10.36 
10.83 
10.17 
11.27 
11.55 
10.58 

.50 

Eiesling        

.36 

Iviesling  (?) 

.55 

Jobannisberger  Eiesling     

.60 

.41 

Chaut!h6  Gris -.  ~ 

.45 

.38 

Seedless  Sultana            .                                          ...          

.  51 

White  Muscat eller 

.44 

Blau-Elblino- 

..54 

White  Zinfandel 

.41 

Cinsaut 

.48 

Verdal 

.25 

Do 

Sherry  and  Madeira  varieties. 

7.92 

9.90 

.42 

6.35 

7.78 

8.48 

10.07 

8.00 

9.73 

10.58 

12.54 

.54 

Mautuo  de  Pilas      .                                       

.45 

Do 

.35 

Mourisco  Branco                                                 .     -          .            ... 

.33 

Verdelho 

Muscat  of  Alexandria 

11.62 
9.56 

14.20 
11.91 

.42 

Do 

.36 

Do 

7.78 
7.78 
8.48 

9.73 
9.73 
10.58 

:::.:::: 

.72 

West's  White  Prolific 

.71 

"White  St.  Peter's  " - 

.45 

As  this  work  eeems  to  be  very  important  as  establishing  the  average 
composition  of  pure  wines  made  in  California.  I  have  prepared  from 
Professor  Hilgard's  reports  a  table  showing  the  maximum,  minimum, 
and  mean  composition  of  the  pure  wines  analysed,  as  well  as  of  the 
wines  which  were  made  outside  and  sent  in  to  the  laboratory  for  analy- 
sis: 
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Maximum,  minimum,  and  mean  composition  of  California  wines,  as  shown  by  the  anah/ses 
made  at  the  California  State  Viticultural  Laboratory. 


Pure  wines  made  at 
laboratory  in  1884. 

Bordeaux  type 

Biiiounay  type  

Southern  Freucli  and 
Italian  type 

Dry  white  wine  va- 
rieties  

Sherry  and  Madeira 
varieties 

Port  wine  varieties . . 

Ptire  wines  made  at 
laboratory  in  1885. 

Bordeaux  type 

Burgundy  type , 

Southern  French  and 
Italian  type 

Dry  wliite  wine  va- 
rieties  

Pure  loinos  made  at 
laboratory  in  1886. 

Bordeaux  type 

Buround}' type 

Southern  French  and 

Italian  type 

Dry  white  wine  va-  I 

rieties ! 

Sherry  and  Madeira 

varieties 

American  type 

Wines  sent  to  labora- 
tory for  annhisis, 

i884-'85. 


A.lcoliol  by  weight. 


P.  ct.  P.  ct. 
10  !).  !)2  '  7.  4U 
G    10.07  :  6.42 

18    11.23  j  7.43 


P.ct. 

8.81 
9.01 

9.26 


13    11.46     7.43     9.71 


10    12.  3t)      7.  8.5      9.  68 
3    10.35      9.  U.5  '  9.65 


4    10.54  I  8.13  !  9.18 

9    11.  46      6.42  I  8.30 

! 

4      8.  8 1  I  6.  82  1  7.  74 

l.l    11.23     4.76  I  9.22 


Body  or  extract,  j  ^^^al  acids  as  tar- 


Ash. 


2.  99     2.  69 

3.  07      1.  80 


15 

9.78 

6.95 

8.28 

16 

11.62 

7.09 

9.21 

15 

10.63 

6.49 

8.48 

25 

9.27 

4.14 

7.86 

10 

11.62 

6.  35 

8.58 

3 

7.43 

6.89 

7.14 

Eoda  ... 
A\^hites. 


20  110.69 
5  |10.81 


7.64 
8.98 


9.63 
9.80 


3.62 
3.87 


Wines  sent  to  labora- 
tory/or analysis, 
1885-'86. 

Eeds 

Whites 

Zinfandel  wines  ana- 
lyzed, 1879-'85 


2.05 
2.05 


16.42  I  7.99 
12.  39     8.  84 


12.39     7.43 


10.48  ,13.77     2.10 
10.  82     4.  20  I  1.  80 


10.55  I  8  64     1.46 


a 

a 

ti 

a 

d 

a 

a 

^ 

^ 

S 

p.ct. 

P.ct. 

P.ct. 

3.19 

2.10 

2.57  i 

2.77 

1.93 

2.30 

3.71 

1.67 

2.5c) 

2.44 

1.36 

1.90 

2.82 

1.18 

1.85 

3.12 

2.36 

2.62 

1 

3.  07     1.  80 

3.82  I  1.52     2.16 


2.76 
2.49 


2.  42 


2.87 
2.67 


4.30 
2.60 


2.89 


P.ct. 
.633 
.765 

.585 

.600 

.660 
.525 


846 
600 


.576 
.713 


810 
940 


1.120 
.810 


.720 
.740 


.7.50 
.527 


879 
750 


873 


P.  ct.  '  P.  ct. 


.381 
.450 


,393 
,428 


,217 
501 


420 
417 


,450 
,351 


420 
350 


.450 
.250 


.330 
.500 


395 

397 


.225 
.210 


337 


510 
624 

506 

516 

498 
511 


P.ct. 

.447 
.425 

.511 

.342 

.390 
.564 


P.ct. 

.  252 
.200 

.234 

.157 

.160 
.446 


573 


546      .154 


P.ct. 
.352 
.319 

.343 

.219 

.2?8 
.493 


.567 

.366 

.273 

.310 

.515 

.330 

.214 

.276 

.517 

.340 

.213 

.270 

.544 

.450 

.140 

.224 

.620 

.540 

.730 

.480 

.480 





.620 

.563 

.  534 

.219 

..340 

.473 

.307 

.255 

.303 

.554 

.470 

.230 

.324 

.473 

.3,,a 

.170 

.261 

In  tlieyear  1880  a  large  number  of  samples  of  wine  were  purchased 
in  the  market  of  \Yashington  and  analyzed  by  the  Department  of  Ag- 
riculture. The  work  was  under  the  charge  of  the  late  Henry  B.  Par- 
sons, one  of  the  most  competent  analysts  ever  in  the  service  of  the  De- 
partment. The  results  are  published  in  the  Annual  Eeport  for  1880, 
forming  part  of  the  Chemists'  report  for  that  year.  I  have  thought  it 
proper  to  reproduce  them  here,  as  the  results  include  a  large  number  of 
determinations  on  each  sample,  and  give  very  important  information  in 
regard  to  the  composition  of  American  wines  as  they  are  sui)plied  to 
the  consumer. 
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Pleasant  Valley  Wiuo  Company. 
G.  E.  llyckmaii. 
Dressel  &  Co. 

Do. 
Xelly  Island  Wine  Co. 
Juliu.s  Jliucke. 

Do. 
Isaac  Cook. 
Dreyfus  &  Co. 
"Do. 

Do. 

Do. 

Do. 
Wehrlo,  Work  &  Co. 

Do. 

Do. 
(1  A.  Meiuekon. 
L.  <fe  11.  lluniriff. 
(ilretH(;li  &  Mayer. 
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Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
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Poesche],  Scherer  <feCo. 

Do. 

Do. 

Do. 

Do. 
ir.  T.  Dewey  &  Son. 

Do.       ■ 

Do. 

J'er  cent. 
.  008 
.  323 
.508 
.  354 
.205 
.  351 
.280 
.308 
.289 
.  290 
.  389 
.411 
.410 
.302 
.371 
.  3.50 
.  300 
.  291 
.246 
.290 
.  254 
.242 
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None  . . . 
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None  . . . 
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Constituents,  &c. 


Dry  red  wines. 


Dry  wliite  wines. 


>  3 


Specific  gi'avity 

Alcohol,  by  weight per  cent.. 

Alcohol,  by  volume ...do 

Total  residue do  — 

Total  ash do  — 

Glucose   do 

Total  acid,  as  tartaric  do 

Fixed  acid,  as  tartaric do 

Volatile  Add,  as  acetic do 


.9933 

.    8.92 

1.001 
12.21 

11.04 

15.21 

2.28 

3.16 

0.231 

0.532 

Traces. 

0.  450 

0.723 

0.997 

0.360 

0.646 

0.290 

0.517 

.9894 

5.71 

7.17 

1.65 
0.130 
None. 
0.511 
0.  2-26 
0. 1:J8 


.9926 
9.35 
11.70 
1.75 
0.181 
Traces. 
0.680 
0.313 
0.294 


1.0105' 

13.94 

17.37 
2.64 
0.  335 
0.300 
0.  855 
0.561 
0.508 


.9845 
7.03 
8.80 
1.18 
0.090 
None. 
0.  422 
0.121 
0.  OOrf 


A  very  excellent  monograpli  on  California  wines  lias  been  very  re. 
cently  i)ublislied  by  Dr.  George  Baumert,^  of  the  University  at  Halle. 
Althongli  the  analyses  were  made  on  onl^'  eight  sauii^les,  the  examina- 
tion was  very  comx^lete,  including  a  search  for  adulterations  5  then  fol- 
lows a  very  exhaustive  discussion  of  the  coini)osition,  together  with  a 
comparison  of  the  samples  analyzed,  and  similar  wines  made  in  Ger- 
many, so  that  the  paper  is  a  very  interesting  and  instructive  contribu. 
tion  to  the  literature  of  American  wines.  I  shall  have  occasion  to 
allude  to  it  again  in  discussing  the  subject  of  adulterations.  Other 
analyses  of  American  wines  published  in  German  periodicals  and  al- 
luded to  by  Baumert  are:  "Investigation  of  a  California  Wine"  by  A. 
Kayser  ;  ^  ''Two  Analyses  of  California  Wines,  Eiesling  andZinfan- 
del,"by  A.  Stutzerj^  ''Analysis  of  Two  California  Wines,  Zinfandel 
and  Gutedel  Cabinet,"  by  J.  L.  de  Fremery.* 

METHODS  OF  ANALYSIS. 

The  methods  of  analysis  used  in  the  present  investigation  of  wines  can 
be  conveniently  arranged  under  two  heads :  First,  those  designed  for  the 
establishment  of  the  comx^osition  of  the  sample  examined;  and,  second, 
those  employed  in  the  search  for  adulterants. 

The  determinations  embraced  under  the  first  head  are :  Specific  gravity, 
alcoholic  content,  total  solids,  acidity,  content  of  sugars,  of  glycerine,  of 
tannic  acid,  and  of  ash.  These  are  the  principal  and  most  important  de- 
terminations in  a  wine  analysis,  though  there  are  several  others  which 
are  sometimes  made,  such  as  the  nitrogenous  content,  phosphoric  acid, 
chlorine,  malic,  succinic,  and  citric  acids,  &c. 

In  my  investigation  of  methods  for  wine  analysis  I  have  drawn  espe- 
cially upon  three  sources :  First,  the  methods  in  nse  in  the  Municipal 
Laboratory  in  Paris,  and  set  forth  in  the  report  already  quoted  under 
malt  liquors;  second,  the  methods  ofacially  authorized  in  the  health 

^Laudw.  Versuclis-Stationeu,  1886,  33,  39. 

^Mitth.  d.  Bayr.  Gewerbe-Museum  zu  Niirnberg,  1S79,  Nr.  19. 

^  Rep.  der  anal.  Cbem.  1882,  Nr.  14. 

•*Ber.  der  Deutscheii  Chem.  GeselL,  1885,  426. 
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offices  in  Germany,  decided  upon  by  the  "  Berlin  Commission  j  "  third, 
the  methods  adopted  by  the  Bavarian  chemists. 

It  would  seem  that  in  France  and  Germany,  where  wine  analysis 
has  been  carried  on  for  so  many  years,  and  to  so  large  an  extent,  the 
methods  in  use  would  be  as  well  defined  and  exact  as  is  i^ossible  ia  such 
work;  nevertheless,  none  of  the  methods  have  been  accepted  without 
a  thorough  trial  of  their  accuracy,  unless  otherwise  indicated. 

The  estimation  of  several  of  the  constituents  of  wine  is  so  similar  to 
the  same  determination  in  beer,  that  it  will  be  necessary  simply  to  refer 
to  the  part  on  beer  analysis,  thus  avoiding  unnecessary  repetition. 

SPECIFIC    GRAVITY. 

This  is  taken  with  the  picnometer,  in  the  same  manner  as  with  beer. 

ALCOHOL. 

The  estimation  of  the  alcohol  can  be  made  in  the  same  manner  as  in 
beer,  with  a  few  precautions.  Thus,  in  the  distillation  method  it  is  bet- 
ter to  neutralize  the  sample  taken  with  carbonate  of  soda,  or  standard 
alkali,  and  a  slight  addition  of  tannin  will  generally  be  found  necessary 
to  prevent  frothing.  If  the  indirect  method  is  used,  more  accurate  re- 
sults will  be  obtained  by  neutralization  of  the  sample  taken  by  shaking 
up  with  magnesia  before  the  specific  gravity  is  taken.  In  the  present 
work  I  have  made  use  of  the  distillation  method  exclusively,  weighing 
out  the  sample  taken,  about  50  grams,  making  up  to  abont  lOOcc,  and 
distilling  off  oOcc,  which  is  also  weighed.  Tables  for  the  calculation 
of  alcohol  content  from  the  specific  gravity  have  already  been  given 
page  285). 

EXTRACT   OR  TOTAL   SOLIDS. 

The  determination  of  the  extract  in  wine  presents  the  same  difficul- 
ties as  with  beer  on  account  of  the  content  of  glycerine,  which  is  greater 
in  the  former  than  the  latter.  For  this  reason  the  indirect  method  would 
seem  especially  applicable,  but  the  difficulty  here  is  that  there  is  a  larger 
amount  of  volatile  acid  present,  which  is  only  partially  driven  off  with 
the  alcohol,  and  the  solution  density  of  the  solids  of  wine  have  not  been 
so  well  established  as  that  of  malt  extract,  so  that  different  tables  and 
factors  vary  widely.^ 

For  the  direct  estimation  the  French  method  is  to  evaporate  25cc. 
in  aflat-bottomed  dish,  with  vertical  sides,  and  dry  the  residue  to  a  con- 
stant weight  in  a  water  bath.     The  Berlin  method  is  as  follows: 

EXTRACT. 

Fifty  cubic  centimeters  of -wine  are  measured  (at  15"^  C.)  into  a  platinum  dish  (SSmui. 
iu  diameter,  20mm.  in  lieigbt,  and  of  75cc.  capacity,  weight  about  20  grams),  evap- 
orated on  the  water  bath,  and  the  residue  heated  2i  hours  at  100°  C.  Of  wines  rich 
in  sugar,  i.  e.,  containing  over  5  grams  sugar  in  lOOcc,  a  smaller  amount  should  be 
taken,  so  that  the  weight  of  extract  shall  not  exceed  1,  or  at  most  1.5  grams. 

^  Baumert  found  in  his  work  on  California  wines  that  the  tables  of  Schulze  (Zeit 
Anal.  Chem.,  18S0,  104)  intended  for  beer  extracts  gave  results  iu  the  indirect  estima- 
tion which  approximated  much  more  closely  to  the  results  by  direct  estimation  than 
figures  obtained  from  Hager's  tables  (Chem.  Cent.,  187d,  415),  which  were  intended 
especially  for  wine  extract. 
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The  Bavarian  Chemists'  Union  depart  from  this  method  by  drying 
the  residue  to  a  constant  weight. 

It  is  of  great  importance  that  chemists  should  adopt  a  uniform  method 
of  analysis,  as  results  differ  considerably  by  different  methods.  This  is 
shown  by  the  following  results  obtained  from  the  samples  analyzed  by 
me,  most  of  which  were  subjected  to  analysis  by  both  methods,' that  is, 
drying  to  a  constant  weight  and  drying  a  certain  length  of  time.  In 
the  very  sweet  wines,  of  course,  such  as  the  Angelica,  Muscat,  &c.,  con- 
taining so  large  a  percentage  of  sugar,  it  can  only  be  satisfactorily  de- 
termined by  using  a  small  quantity,  allowing  it  to  flow  well  over  the 
bottom  of  the  dish,  and  drying  to  a  constant  weight  as  nearly  as  pos- 
sible. 

Comimrlson  of  methods  for  the  estimation  of  extract  in  iviue. 
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I  have  adopted  the  results  obtained  from  the  estimation  by  drying  to 
constant  weight,  and  would  recommend  the  following  procedure  for 
^he  determination  of  extract  in  wine.  Weigh  out  10  to  50  grams  of  the 
[wine  (according  to  its  content  of  sugar)  into  a  flat-bottomed  platinum 
(dish,  evaporate  on  the  water  bath  and  dry  the  residue  at  100^  0.  in  an  air 
[bath,  until  a  constant  weight  is  obtained.  This  may  be  known  to  be 
[the  case  when  by  weighing  the  dish  and  contents  at  frequent  intervals 
j(15  minutes)  the  losses  in  weight  are  found  to  be  slight  and  equal  for 
the  same  length  of  time  of  drying. 


ACIDITY. 


The  total  acidity  of  wines  may  be  determined  by  titration  with 
The  end  reaction  may  be  observed  by  means  of  a  drop 


or  Y?)  alkali. 


►rought  into  contact  with  delicate  litmus  paper,  w^hich,  while  not  en- 
tirely satisfactory,  still  is  probably  the  best  method  we  have  at  hand, 
my  means  for  decolorizing  the  wine  so  as  to  admit  of  the  use  of  other 
jndicators  being  likely  to  change  the  content  of  acid.  I  have  found 
;hat  by  the  use  of  turmeric  paper  in  connection  with  the  litmus,  the 
"establishment  of  the  point  of  peutrs^Uzatiou  is  greatly  t'acilitate(J, 
4450— >^.  13,  pt,  3^— G 
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Very  white  wiues,  if  entirely  free  from  carbonic  acid,  may  be  titrated 
with  phenol-phthaline  as  an  indicator.  From  10  to  25cc.  of  wine  may 
conveniently  be  taken  for  titration.  It  is  very  desirable  to  estimate 
both  the  fixed  and  volatile  free  acids  in  wine,  and  to  this  end  the  latter 
should  be  determined  directly ;  all  methods  for  this  estimation  by  diifer- 
ence  by  evaporating  the  wine  to  dryness,  and  titrating  the  residue,  hav- 
ing been  shown  to  be  faulty.  The  German  method  is  to  distill  off  the 
acetic  and  other  volatile  acids  in  a  current  of  steam ;  and  I  have  found  it 
a  most  satisfactory  one,  giving  very  coincident  results  when  carefully 
carried  out,  the  only  objection  being  that  it  is  a  little  tedious.  Tbe 
theory  of  the  method  is  that  acetic  acid,  which  forms  the  greater  -pavt  of 
the  pure  volatile  acids,  while  it  does  not  distill  off  at  a  temperature 
lower  than  120°  C,  can  still  be  distilled  off  at  a  lower  temperature  than 
its  boiling  point  by  passing  through  the  liquid  in  which  it  is  contained 
a  current  of  steam,  providing  that  the  quantity  of  water  passed  through 
in  the  shape  of  steam  is  about  four  times  as  great  as  the  quantity  of  the 
liquid  in  which  the  acid  is  contained.  The  manner  of  applying  it  is  as 
follows : 

Fifty  cc.  of  the  wine  are  measured  into  a  flask  of  about  300cc.  ca- 
pacity, which  is  connected  with  a  condenser  by  one  tube  which  passes 
just  below  the  rubber  stopper,  which  is  also  perforated  by  another  tube 
which  reaches  to  the  bottom  of  the  flask  and  terminates  there  in  a  finely 
drawn  out  point ;  this  tube  is  bent  at  right  angles  where  it  passes  out  of 
the  flask,  and  connects  it  with  a  larger  flask  placed  alongside  which  con- 
tains about  300cc.  of  water,  being  also  provided  with  a  safety  tube. 
When  the  operation  is  begun,  lamps  are  placed  under  the  two  flasks 
and  the  contents  of  both  brought  to  a  boil,  when  the  flame  under  the 
flask  containing  the  wine  is  lowered  somewhat  and  the  distillation  so 
conducted  that  after  200cc.  have  distilled  off  the  wine  shall  not  be  de- 
creased to  less  than  one-third  or  one-fourth  of  its  original  volume.  The 
200cc.  of  distillate  is  received  in  a  properly  graduated  flask,  and  titrated 
with  standard  alkali,  using  i3henol-phthaliue  as  an  indicator. 

The  number  of  cubic  centimeters  of  normal  alkali  required  for  the 
titration  of  the  volatile  acids,  subtracted  from  the  number  of  cubic 
centimeters  required  for  the  neutralization  of  oOcc.  of  the  original  wine, 
gives  the  amount  of  alkali  neutralized  by  the  free  fixed  acids  j  the  total 
free  acids  and  free  fixed  acids  are  generally  calculated  as  tartaric,  the 
volatile  as  acetic  acid.^ 

BITAKTRATE   OF  POTASH. 

The  German  Commission  gives  two  methods,  as  follows : 

lu  two  stoppered  flasks  two  samples  of  20cc.  of  wine  each  are  treated  with  200cc. 
ether- alcohol  (equal  volumes),  after  adding  to  one  flask  2-3  drops  of  a  20  per  cent, 
solution  of  acetate  of  potash.  The  mixtures  are  well  shaken  and  allowed  to  stand 
16  to  18  hours  at  a  low  temperature  (0-10"C.),  the  precipitate  filtered  off,  washed  with 

'  One  cubic  centimeter  of  normal  alkali  neutralizes  .075  gram  of  tartaric,  .06  gram 
of  acetic  acid. 
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ether-alcohol,  and  titrated.  (The  solution  of  acetate  of  potash  must  be  neutral  or 
acid.  The  addition  of  too  much  acetate  of  x^otash  may  cause  the  retention  of  some 
hitartrate  in  solution.)  It  is  best  on  the  score  of  safety  to  add  to  the  filtrate  from 
the  estimation  of  the  total  tartaric  acid  a  further  portion  of  2  drops  of  acetate  of 
potash  to  see  if  a  farther  x)recipitation  takes  place. 

In  special  cases  the  folio  wing  method  is  recoinmeuded  for  a  control 
over  the  other : 

Fifty  cc.  of  wine  are  evaporated  to  the  consistency  of  a  thin  sirup  (best  with  the 
addition  of  sand),  the  residue  brought  into  a  flask  by  means  of  small  washings  of  96 
per  cent,  alcohol,  and  with  continual  shaking  more  alcohol  is  gradually  added,  until 
the  entire  quantity  of  alcohol  is  about  lOOcc.  The  flask  and  contents  are  corked 
and  allowed  to  stand  4  hours  in  a  cool  place,  then  filtered,  and  the  precipitate 
washed  with  96  per  cent,  alcohol;  the  filter  j)aper,  together  with  the  partly  floccu- 
lent,  j)artly  crystalline  precipitate,  is  returned  to  the  flask,  treated  with  30cc.  warm 
water,  titrated  after  cooling,  and  the  acidity  reckoned  as  bitartrate.  The  result  is 
sometimes  too  high,  if  pectinous  bodies  separate  out  in  small  lumj^s,  inclosing  a  small 
portion  of  free  acids  (this  error  may,  however,  be  avoided  by  the  addition  of  sand 
and  thorough  shaking).  In  the  alcoholic  filtrate  the  alcohol  is  evaporated,  0.5cc.  of 
a  20  per  cent,  potassic  acetate  solution  added,  which  has  been  acidified  by  a  slight 
excess  of  acetic  acid,  and  thus  the  formation  of  bitartrate  from  the  free  tartaric  acid 
in  the  wine  facilitated.  The  whole  is  now,  like  the  first  residue  of  evaporation, 
treated  with  (sand  and)  96  per  cent,  alcohol,  and  carefully  brought  into  a  flask,  the 
volume  of  alcohol  increased  to  lOOcc,  well  shaken,  corked,  allowed  to  stand  in  a  cold 
place  4  hours,  filtered,  the  precix^itate  washed,  dissolved  in  warm  water,  and  ti- 
trated, and  for  1  equivalent  of  alkali  2  equivalents  of  tartaric  acid  are  reckoned^ 
This  method  for  the  estimation  of  the  free  tartaric  acid  has  the  advantage  over  the 
former  of  being  free  from  all  errors  of  estimation  by  difference. 

I  have  preferred  making  the  qualitative  test  for  free  tartaric  acid 
separately  from  the  bitartrate  estimation,  and  for  the  latter  I  have  used 
essentialh^  the  first  method  given,  omitting,  of  course,  the  parallel  pre- 
cipitation with  the  addition  of  acetate  of  potash,  modifying  it  by  using 
only  SOcc.  of  the  alcohol  ether  solution  for  the  precipitation  and  alio  wing- 
it  to  stand  over  night.  The  titration  is  nicel}^  performed  with  phenol- 
phthaline  and  decinormal  soda  with  white  wines  ;  Ice.  decinormal  soda 
corresponding  to  .0188  grams  of  potassic  bitartrate.  In  the  case  of 
dark  colored  wines  I  passed  them  first  through  a  small  amount  of  bone- 
black,  afterwards  washing  the  bone-black  thoroughly,  so  as  to  avoid  the 
presence  of  coloring  matter  in  the  tartar  precipitate. 

SACCHARINE  MATTER. 

For  the  estimation  of  the  saccharine  matter  use  was  made  of  the  De- 
partment method  of  employing  Fehling's  solution,  already  referred  to 
under  malt  liquors.  The  Germans  usually  employ  the  gravimetric  esti- 
mation, with  Soxhlet's  modifications,  but  I  believe  the  other  to  be  fully 
as  accurate,  and  much  more  convenient.  The  wine  should  be  evap- 
orated about  one-third  to  remove  the  alcohol,  and  carbonate  of  soda 
added  to  neutralize  the  acid.  In  the  case  of  dark  colored  wines  it  is  nec- 
essary to  decolorize  and  clarify  them  by  the  use  of  subacetate  of  lead  or 
bone-black.  If  much  excess  of  lead  is  used  it  should  be  removed  with 
sulphate  of  soda,  and  if  bone-black  is  used  the  first  portions  filtered 
should  bo  rejected.    The  amount  of  reduction  is  calculated  as  dextrose. 
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ASH. 

The  ash  may  be  estimated  iu  the  residue  from  50  to  lOOcc.  of  the  wine. 
If  oOcc.  have  been  used  for  the  estimation  of  the  extract,  the  same  sample 
will  serve  conveniently  for  incineration.  This  operation  is  best  performed 
in  a  muffle,  and  must  be  very  carefully  carried  out,  at  as  low  a  heat  as 
possible.  If  the  ash  does  not  readily  burn  white,  it  should  be  treated 
with  a  little  water  to  dissolve  the  alkali  salts,  the  dish  placed  in  such 
a  position  as  to  bring  the  water  away  from  the  undissolved  ash,  the 
water  evaporated,  and  the  incineration  completed.  Little  difficulty  is 
generally  experienced  in  getting  in  this  way  a  very  satisfactory  white 
ash. 

GLYCERINE. 

The  estimation  of  glycerine  in  wines,  if  it  could  be  made  with  exact- 
ness, would  be  a  very  important  one,  as  the  glycerine  is  produced  by 
the  fermentation  of  the  sugar,  and  the  quantity  formed  is  presumably 
fairly  constant  for  the  same  amount  of  sugar  fermented.  This  being 
tbe  case,  the  quantity  of  glycerine  in  a  wine  should  be  a  good  index  of 
the  quantity  of  sugar  which  had  undergone  fermentation,  and  would 
thus  show  whether  alcohol  had  been  added  to  the  wine.  Unfortunately, 
the  amount  of  glycerine  present  is  so  small,  and  its  exact  estimation  so 
difficult  on  account  of  its  volatile  nature,  that  it  is  rather  an  unsafe  re- 
liance. The  Germans  attach  considerable  weight  to  the  determination 
in  establishing  the  character  of  a  wine,  using  the  following  method  : 

One  liuadred  cc.  of  wine  (sweet  wines  excepted)  are  evaporated  in  aroomy,  not  too 
shallow,  x>orcelain  dish,  to  abont  lOcc,  a  little  sand  added,  and  milk  of  lime  to  a 
strong  alkaline  reaction,  and  the  whole  brought  nearly  to  dryness.  The  residue  is 
extracted  with  50cc.  of  96  per  cent,  alcohol  on  the  water  bath  with  continual  stir- 
ring. The  solution  is  poured  off  through  a  filter  and  the  residue  exhausted  by  treat- 
ment wuth  small  portions  of  alcohol.  For  this  50  to  150ec.  are  generally  sutiicient, 
so  that  the  entire  filtrate  measures  100  to  200cc.  The  alcoholic  solution  is  evaporated 
on  the  water  bath  to  a  sirupy  consistence.  (The  principal  part  of  the  alcohol  may 
"be  distilled  off,  if  desired.)  The  residue  is  taken  up  by  lOcc.  of  absolute  alcohol, 
mixed  in  a  stoppered  flask  with  15cc.  of  ether  and  allowed  to  stand  until  clear,  when 
the  clear  liquid  is  poured  off  into  a  glass-stoppered  weighing  glass,  filtering  the  last 
portions  of  the  solution.  The  solution  is  then  evaporated  in  the  Aveighing  glass  until 
the  residue  no  longer  flows  readily,  after  which  it  is  dried  one  hour  longer  in  a  water 
jacket.     After  cooling,  it  is  weighed. 

In  the  case  of  sweet  wines  (containing  over  5  grams  of  sugar  in  lOOcc),  50cc.  are 
taken  in  a  good-sized  flask,  some  sand  added  and  a  sufficient  quantity  of  powdered 
slacklime,  and  heated  with  frequent  shaking  in  the  water  bath.  After  cooling, 
lOOcc.  of  96  per  cent,  alcohol  are  added,  the  precipitate  which  forms  allowed  to 
separate,  the  solution  filtered,  and  the  residue  washed  wit'h  alcohol  of  the  same 
strength.     The  alcoholic  solution  is  evaporated  and  the  residue  treated  as  above. 

In  regard  to  the  performance  of  the  official  method,  as  given  above, 
Dr.  Barth^  adds  the  following  commentaries  and  cautions  : 

In  case  the  residue  from  the  first  evaporation  wuth  lime  becomes  entirely  dry  it 
should  be  moistened  with  a  little  alcohol,  the  residue  removed  from  the  sides  of  the 
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disTi  with  a  spatula,  and  tlie  entire  mass  rubbed  up  with  a  i)estIo  to  a  uniform  pasty- 
mass,  the  pestle  and  spatula  being  rinsed  with  a  little  alcohol ;  in  heatiug  up  the 
alcoholic  paste  with  lime,  bumping  and  spurting  may  be  avoided  by  careful  stirring; 
the  heating  and  subsequent  washing  out  with  hot  alcohol  is  necessary,  however,  to 
dissolve  out  the  glycerine  properly.  In  evaporating  with  both  the  alcoholic  and  the 
ether-alcohol  solution,  all  violent  boiling  of  the  liquid  must  be  avoided,  or  mechani- 
cal losses  will  occur.  The  best  way  is  to  jilace  the  vessels  containing  the  solutions 
inside  of  beakers  filled  with  water  on  the  bath.  The  clearing  up  of  the  ether-alcohol 
solution  can  be  hastened  by  energetic  shaking  in  the  stoppered  flask  containing  it. 
The  vessel  in  which  the  ether-purified  glycerine  is  finally  weighed  should  have  ver- 
tical walls  at  least  40mm.  in  height.  The  losses  which  are  caused  by  the  volatility 
of  glycerine  cannot  be  entirely  avoided,  but  may  be  reduced  to  a  minimum  by  a  care- 
ful observance  of  all  the  directions,  even  those  which  are  apparently  unimportant. 
That  the  loss  of  glycerine  is  smaller  by  heating  in  a  drying  oven  than  on  the  open 
water  bath  has  been  noticed  in  the  estimation  of  the  extract ;  the  choice  of  weighing 
tubes  also  with  proportionally  high,  vertical  walls  has  for  its  object  the  lessening  of 
the  x^ossibility  of  losses  in  weight. 

For  the  estimation  of  the  glycerine  in  sweet  wines  the  following  precautions  should 
be  observed:  Sufficient  powdered  lime  must  be  added  to  the  wine  to  convert  the 
whole  of  the  sugar  into  its  lime  compound.  The  formation  of  the  latter  takes  place 
gradually  during  the  heating  on  the  water  bath.  The  mass  becomes  at  first  dark 
brown  (special  care  is  necessary  to  prevent  its  foaming  over  the  neck  of  the  flask), 
but  when  the  saturation  with  lime  is  complete  it  becomes  somewhat  clearer,  and,  to- 
gether with  the  characteristic  smell  of  the  sugar-lime,  a  caustic  odor  becomes  mani- 
fest. 

If  the  residue  obtained  from  the  concentration  of  the  alcoholic  solution  remains 
somewhat  thin  even  after  cooling,  it  is  not  necessary  to  repeat  the  treatment  with 
lime.  The  purification  with  ether-alcohol  in  the  way  described  will  be  all  that  is  nec- 
essary. 

The  above  described  method  for  glycerine  estimation  is  intended  to  obtain  the 
glycerine  in  a  state  of  purity  by  its  separation  from  all  the  other  constituents  of 
wine,  either  by  their  volatility,  by  their  insolubility  in  alcohol,  or  their  lime  combi- 
nations, or  finally  by  their  insolubility  in  a  mixture  of  one  volume  of  alcohol  with  1^ 
volumes  of  ether.  If  pointed  crystals  appear  on  cooling,  the  presence  of  mannite  is 
indicated.  Since  the  separation  of  glycerine  in  an  insoluble  condition  in  a  form  or 
union  peculiar  to  itself  has  not  yet  been  accomplished,  the  extraction  method  must 
serve  for  its  estimation,  but  the  latter  is  only  useful  for  the  conclusions  which  are 
drawn  from  its  results,  when  it  is  carried  out  with  a  strict  observance  of  the  preced- 
ing conditions. 

Several  methods  have  lately  been  proposed  for  the  estimation  of  glyc- 
erine, and  it  was  with  the  hope  of  some  of  them  proving  more  exact  and 
less  tedious  than  the  above  that  a  somewhat  hasty  examination  of  these 
methods  has  been  made. 

Benedikt  and  Zsigmondy  ^  published  in  liSSo  a  method  for  the  estima- 
tion of  glycerine  by  its  oxidation  to  oxalic  acid  by  permanganate  of 
potash,  precipitating  the  oxalic  acid  with  calcium  acetate,  and  deter- 
mining it  volumetrically  by  titration  with  acid.  This  metliod  is  also 
claimed  by  Fox  and  Wanklyn.^  At  the  time  of  the  publication  of  this 
method  I  made  several  trials  of  it  on  pure  glycerine  with  very  satisfac- 
tory results,  and  Allen  ^  has  confirmed  the  accuracy  attributed  to  it  by 

»  Cheni.  Ztg.  9,  975  ;  Analyst  10,  20(5.         -  Chem.  News  53,  15.        *J  Analyst-ll,  52. 
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Beuedikt  and  Zsij^moiidy,  and  used  it  on  saponified  fats.     It  has  never 
been  applied  to  wine  or  beer,  so  far  as  I  know. 

Legler  ^  has  formulated  a  method,  intended,  as  the  author  says  in  his 
paper,  to  supply  the  place  of  the  method  of  the  Berlin  committee,  and 
atone  for  its  deficiencies.  It  depends  on  the  oxidation  of  glycerine  to 
carbonic  acid  by  means  of  sulphuric  acid  and  potassic  bichromate.^  The 
estimation  of  organic  bodies  by  the  oxidation  of  their  contained  carbon 
has  been  proposed  and  carried  out  by  Cross  and  Bevan^  who  operate  in 
a  dry,  and  by  Burghardt,^  who  operates  in  a  wet,  way.  The  operation 
was  performed  by  Legler  in  a  Will's  carbonic  acid  apparatus,  as  follows : 

The  air  flask  contains  tlie  glycerine  mixed  t*  itli  a  saturated  solution  of  j)otassic 
diclironiate ;  the  other  contains,  as  usual,  strong  sulphuric  acid.  After  the  apparatus 
has  been  ^veighed,  a  little  air  is  drawn  out  which  causes  some  of  the  acid  to  mix  with 
tlie  chromate.  A  regular  evolution  of  carbonic  acid  soon  sets  in,  but  must  be  assisted 
towards  the  last  by  gently  boiling.  The  flask  containing  the  sulphuric  acid  must  be 
kept  cool.  When  no  more  gas  bubbles  are  formed,  the  apparatus  is  cooled  by  partial 
immersion  in  cold  water,  and  the  remaining  carbonic  acid  is  expelled  by  a  current  of 
dry  air.  The  apparatus  is  now  re  weighed  and  the  loss  represents  carbonic  acid.  The 
following  equation  shows  the  action  taking  place  : 

3C3H803+7K,Cr,07+28H2S04=7K2S04+14Cr2(S04)3+9C02+40H20. 

One  part  of  glycerine  therefore  requires  about  7.5  parts  at  KsCr^Or  tind  10  parts 
of  H2SO4,  but  an  excess  of  each  is  of  course  used. 

The  mode  of  procedure  in  operating  on  wine  is  as  follows :  The  crude  glycerine 
obtained  from  lOOcc.  of  wine,  after  evaporation  with  3cc.  milk  of  lime  and  2  grams  of 
quartz,  and  extracting  the  mass  with  alcohol  of  96  per  cent.,  is,  after  weighing,  di- 
luted up  to  a  definite  bulk,  and  aliquot  parts  are  taken  for  the  ash  and  the  oxidation 
process.  A  white  wine,  containing  8.54  per  cent,  alcohol  and  2.07  per  cent,  solid 
matter,  gave  in  lOOcc.  1.4  grams  crude  glycerine,  with  .1278  grams  ash,  25cc.  of  the  glyc- 
erine diluted  up  to  50cc.  yielding  .725  gm.  CO2  =  3-10  per  cent,  glycerine.  A  dupli- 
cate experiment  gave  1.47  crude  glycerine  with  .136  ash,  .710  CO-  =  .99  per  cent, 
glycerine,  the  average  thus  being  1  per  cent.^  and  the  relation  between  alcohol 
and  glycerine  as  100  :  11.7. 

Estimation  of  glycerine  in  wine  after  it  has  been  purposely  added. 

Three  lots  of  lOOcc.  each  of  the  same  wine  were  mixed  respectively  with  .125,  .250, 
and  .500  grams  of  glycerine,  and  analyzed  as  before.     The  results  were  as  follows  : 


Crude 
glycerine. 

Ash. 

COi  (25cc. 
from  50cc.) 

Glycerine 
in  lOOcc. 

1.55 
1.75 

2.07 

.1496 
.1400 
.1172 

.80 

.90 

1.07 

1.115 
1.254 
1.492 

Allowing  for  the  1.  per  cent,  of  natural  glycerine  in  the  sample  we  obtain  .115,  .254, 
and  .492  per  cent,  of  glycerine. 


^  Rep.  Aual.  Chem.  6,  631  ;  Analyst  12,  14. 
2  Chem.  News  53,  297 ;  also  55,  2. 
^  Chem.  News  55,  34  ;  see  also  55,  46. 
-« Ibid. 

•''The  ijverage  is  really  1.05  per   cent.,  which  would  make  some   difference  in  thej 
fiijures  which  follow. 
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The  same  wine  was  also  submitted  to  an  analysis  by  the  old  process, 
somewhat  higher  results  being  obtained,  from  which  Legler  concludes 
that  his  method  gives  lower  but  more  correct  figures.  He  also  obtained 
promising  results  from  beer  and  sweet  wines.  This  method  was  tried 
on  some  of  the  samples  analyzed  in  the  Chemical  Division,  the  analytical 
work  being  done  by  Mr.  Felix  Leugfeld. 

The  apparatus  for  the  estimation  of  the  carbonic  acid  was  a  specially 
designed  one  used  for  most  carbonic  acid  estimates  in  the  laboratory, 
and  provided  for  the  absorption  of  the  dried  gas  by  soda  lime.  A  trial 
was  first  made  with  pure  glycerine,  which  gave  very  satisfactory  results, 
as  follows  :  Weight  of  pure  glycerine  taken,  .3645  :  weight  glycerine  ob- 
tained, .3005 ;  difference,  .004. 

When  it  was  applied  to  the  wines,  however,  it  was  found  that  the  re- 
sults obtained  varied  widely  from  those  obtained  from  the  same  samples 
by  the  old  method,  and  instead  of  the  variation  being  constant,"  it  was 
found  that  sometimes  the  results  were  higher,  sometimes  lower,  than  by 
the  old  method,  the  manner  of  manipulation  making  a  very  marked  dif- 
ference in  the  quantities  obtained.  Thus  when  just  about  sufiQcient 
lime  was  taken  to  combine  with  the  sugar  i)resent  and  the  mass  not 
evaporated  very  closely,  higher  results  were  obtained  by  Legler's  pro- 
cess than  by  the  old  method,  while  if  a  large  excess  of  lime  was  added 
and  the  whole  evaporate(i  very  nearly  to  dryness  the  results  were  lower. 

Thus  Xos.  4998  and  4999,  treated  with  considerable  lime  and  evapo- 
rated nearly  to  dryness,  gave  the  following  results : 


1            Ifumbers. 

By  Legler's 
method. 

Bj-  old 
method. 

4998 

.326 
.542 

.436 
.797 

4999 

While  Kos.  4995,  5000,  and  5002,  treated  with  a  smaller  amount  of 
lime,  and  not  evaporated  so  closely,  gave : 


IN'umbers. 

By  Legler's 
method. 

By  old 
method. 

4995 

.972 
1.123 
1.549 

.730 
.835 
.6.57 

5000 

5002 

From  these  and  from  several  other  determinations,  where  the  differ- 
ences were  still  more  marked,  it  was  concluded  that  Legler's  method  as 
it  stands  now  cannot  be  relied  on  to  give  constant  results  with  wines,  for 
though  undoubtedly  an  accurate  method  of  estimating  pure  glycerine, 
it  is  open  to  the  same  objection  that  applies  to  the  method  by  oxidation 
with  permanganate,  viz,  that  other  organic  bodies  are  also  oxidized,  when 
present,  and  give  too  high  results.     In  the  extraction  of  the  glycerine 
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fromTvine  by  alcoliol  other  organic  bodies  are  niKloubtedly  taken  up  by 
it  (the  most  of  which  are  removed  in  the  old  method,  by  the  purification 
with  ether-alcohol)  which  make  the  results  too  high.  The  only  way 
that  results  could  be  obtained  as  low  as  the  old  method  gave  was  as 
indicated  above,  by  long  treatment  in  the  bath  with  a  large  excess  of 
lime,  and  in  these  cases  there  was  undoubtedly  a  loss  of  glycerine  by 
evaporation,  as  the  following  experiments  show  : 

1.  .3G45  grams  pure  glycerine  were  mixed  with  a  small  quantity  of 
lime,  alcohol  and  Avater  added,  the  whole  evaporated  nearly  to  dryness 
on  the  water  bath,  extracted  with  alcohol,  and  the  glycerine  determined 
by  Legler's  method  in  the  residue  from  the  alcoholic  solution  :  result, 
glycerine  ..303,  or  a  loss  of  .0615. 

2.  .3645  grams  glycerine  were  taken  and  treated  as  above,  except  that 
a  large  amount  of  lime  was  added  5  result,  .275  ;  loss,  .0895. 

3.  .3645  grams  were  taken  and  treated  as  before,  except  that  the 
evaporation  was  carried  to  dryness,  the  dish  being  allowed  to  stand  on 
the  bath  about  half  an  hour  longer  than  in  the  other  experiments ;  result, 
.251 ;  loss,  .1135. 

Hehner^  has  applied  Legler's  method  to  the  estimation  of  glycerine 
in  fats,  with  some  moditications  based  upon  the  very  important  fact  he 
claims  to  have  established  in  his  work,  that  '-dilute  solutions  of  glycer 
ine  (.6  glycerine  to  1,000  of  fluid)  do  not,  as  is  commonly  supposed, 
volatilize  in  concentrating  the  fluid,  be  it  on  the  water-bath  or  over  the 
naked  flame." 

Other  methods  that  have  been  published  by  Benseman,^  Amthor,^ 
and  Medicus,"^  are  essentially  slight  modifications  of  the  Berlin  method, 
and  can  only  be  referred  to  here.  Sulman  and  Berry,*''  ni  their  article  on 
"  The  Examination  of  Commercial  Glycerine,'^  give  a  very  thorough 
resume  of  various  methods  in  use  up  to  the  date  of  the  article  for  the 
estimation  of  glycerine. 

The  most  recent  method  published  is  by  Dioz,*^  which  I  have  not  had 
time  to  investigate  closely.  The  method  is  quite  a  novel  one,  and  diflers 
from  the  previously'  described  methods  in  that  it  separates  out  the  glyc- 
erine as  an  insoluble  compound,  viz,  as  a  tribenzoate  of  glycerine.  This 
is  accomplished  by  shaking  tire  (.5  to  1.0  x^er  cent.)  solution  of  glycerine 
with  benzoyl  chloride  after  air  addition  of  alkali.  As  aj^plied  to  dry 
wines  it  is  described  by  the  author  as  follows:"^  "20cc.  are  evapora- 
ted to  a  moderately  dry  condition  after  the  additiorr  of  lime.  The  res- 
idue is  exhausted  with  20cc.  of  hot,  96  i^er  cent.,  alcohol.  After  cooling 
30cc.  of  water-free  ether  are  added,  and  filtered  after  standing,  the 
filter  being  washed  with  water-free  alcohol  ether  (2:3).  After  the 
evaporation  of  the  solvent  the  glycerine  is  dissolved  in  10-20cc.  of  water, 

1  Analyst  12,  44.  •'  Analyst  11, 12  aud  34. 

2CIiem.  Zeit.  10,  554.  '■  Zeit.  f.  Physio.  Cbeni.  11,472. 

3Rep.  der,  Anal.  Chem.,  188G,  12.  '  IhkL,A30. 
^Ibid,  1880,  1. 


WINES. 


349 


according'  to  the  quantity,  and  shaken  up  with  5cc.  benzoyl  chloride 
and  35cc.  of  10  per  cent,  soda  sohition  for  10-15  minutes  without  ces- 
sation and  with  frequent  cooling.  The  estergemenge  or  precipitate  ob- 
tained, is  collected  upon  a  filter,  washed  and  dried  for  2  to  3  hours  at 
lOOo  O.J  0.385  gram  of  the  weighed  precipitate  corresponds  to  0.1  gram 
glycerine."  The  objection  to  this  process  seems  to  be  that  it  is  not  ap- 
plicable directly  to  the  wine  or  beer,  but  the  glycerine  must  be  separated 
out  in  a  state  of  comparative  purity  before  it  can  be  converted  into  the 
benzoate,  and  there  is  still  the  liability  to  loss  during  the  process  of 
purification. 
The  results  given  in  the  table  are  by  the  old  method. 

TANNIN. 

The  estimation  of  tannin  in  wines,  where  considerable  accuracy  is  re- 
quired, may  be  made  by  the  permanganate  and  indigo  method,  which 
has  been  so  much  discussed  and  modified  in  chemical  literature.  The 
following  approximate  method  is  given  by  the  Berlin  Commission: 

In  lOcc.  of  wine  the  free  acids  are,  if  necessary,  reduced  by  the  addition  of 
standard  alkali  solution  to  .5  grams  in  lOOcc.  Tiiea  Ice.  of  a  40  per  cent,  solution  of 
acetate  of  soda  is  added,  and  finally,  drop  by  drop,  10  per  cent,  solution  of  chloride  of 
iron,  avoiding  an  excess.  One  drop  of  the  chloride  of  iron  solution  suffices  for  the 
precipitation  of  about  .05  percent. of  tannin. 

For  the  estimation  of  the  bulk  of  the  precipitate  test-tubes  are  used, 
which  are  much  narrowed  at  the  bottom,  with  the  constricted  portion 
graduated  into  tenths  of  a  centimeter.  The  following  table  gives 
the  approximate  content  of  tannin  from  the  bulk  of  the  precipitate  after 
standing  twenty-four  hours : 


1 
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si 
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a 
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S-i 

o 

a   . 

si 

1 
a 

a 

a 

a 

T 

a 

a 

cm. 

Per  cent. 

C711. 

Per  cent. 

0.1 

0.003 

1.0 

0.033 

0  2 

0.007 

2.0 

0.066 

0.3 

0.010 

3.0 

0.10 

0.4 

0.013 

4.0 

0.13 

0.5 

0.017 

5.0 

0.17 

0.6 

0.020 

6.0 

0.20 

0.7 

0.023 

9.0 

0.30 

0.8 

0.027 

12.0 

0.40 

0.9 

0.030 

I  can  see  no  practical  conclusions  to  be  drawn  from  so  indefinite  a 
determination  and  have  omitted  it  in  my  work,  simply  quoting  it  for 
the  benefit  of  anv  one  who  mio^ht  desire  to  make  the  estimation. 
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ANALYSES  MADE  BY  THE  DEPARTMENT  OF  AGRICULTURE. 

In  the  work  on  wines  during  the  present  investigation,  70  samples, 
Ijurchased  in  the  market  of  Washington,  were  examined.  Inasmuch 
as  the  analyses  made  in  1880  included  so  many  samples,  and  represented 
very  fairly  the  composition  of  the  wine  sold  here,  it  was  thought  inad- 
visable to  make  a  complete  analysis  of  all  the  samples,  especialh'  as 
many  of  them  were  identical  in  origin  with  those  examined  by  Mr.  Par- 
sons. Accordingly  only  about  one-half  the  samples  (30)  were  submitted 
to  a  very  careful  and  complete  analysis,  the  rest  being  examined  for 
adulteration  only,  especially  preservatives.  Only  those  samples  were 
chosen  for  complete  analysis  which  did  not  correspond  to  any  of  the 
samples  analyzed  in  1880.  The  samples  are  all  wines  of  American  origiu, 
of  which  by  far  the  greater  bulk  of  the  wines  consumed  here  consists. 
Most  of  the  samples  are  Galifornian,  a  few  coming  from  Virginia  and 
other  States.  Several  of  the  samples  had  foreign  labels,  in  imitation 
of  some  imported  wine  of  the  same  general  class,  but  in  each  case  the 
dealer  admitted  that  the  wines  were  American. 

The  time  and  scope  allowed  to  the  work  did  not  admit  of  the  exten- 
sion of  the  investigation  to  imported  wines. 


WINES. 


351 


Or-IrHiHi-Hi-HOOOi-ioOOOOO 

41   I    I    I    I  ++4I+I  I    I  41  41+1   I    I 


iM  ■*  O  M  00  00  lO        rf< 

M    I    I    I    I    I  4!   I 


•qsy 


iini-H^CCO-S-MOt^CSC^IMO 


?l  S^I  <N  -H  C^  ^1  S^J  CJ  N 


•ani.iooil£) 


t~incciO'Tiracocij'3'M-<tc-:ro 


o  r~-  uo  o  t~  ii  o  >o 


•9S0.I1 

-xop    SB    ej«Sns    gnpnp3>j 


CO  -M  c:  -^  CO  o  ; 


^^^ 


■T[SB:^o(I  JO  9?^Bj;;.iB}ra; 


iOOOOOOOOOOr^OO 


•Oi;9D13  SC  SpiOB  QinB^Oj^^ 


5,  O  >1  rl  -,  -,  ■ 


l^'MT-ilM-H!M^Or-l. 


r-ii-IOO>-lrHO--l. 


•orjB:^JBj  SB  sppu  paxtj 


■"  cvi  !0  t^  T*-  m  00  ( 

«  t^  O  t>  CM  fO  CO  1 
,    C^l  ^  J<I  t>  IC  to  I 


i  rH  t^  O  O  O  CO  0-5 

t .—  c;  r^  ic  o  T#  C5 

'  TJ-  CM  C^l  -#  IS  rti  ro 


CO  l.'S  — '  ifS  00  . 


•OUB^aBJ  SB  SpiOB  lB:^ox 


'  00  »  t^  CO  t^  -^  C^  lO  ift  I-  t-  cs  o 


loorooocooocrooo 
CO  lO  ;c  oc  00  c:  -vD  —  cs 

t-l-lft-*»CCOt-CO 


•;oB.nxa[ 


1  (M  (N  r^  CM  M  T 


(M  — I  C^l  <M  C3  — '  I 


•anmpA  Aq  pqoox^ 


rfr-CIJMOOC^JOlMi-HO  —  OC<10iCMI^J 


:  CO  CM  (M  — 1  — I  ?: 


•;qSi9A\.  .<!q  toqooiY 


;.-l05OOOC5Q0O< 


lOOOOOOCl  t~o  O 


cscocseoi-ioocot- 
ocJoroocJcicicJ 


•X;tabj.o  o^Toodg 


OrflO-^-^-tlOOCTt-OiC-^-^CSCMrO 


t-H  t~  05  CM  CO  TJ"  I 


•sisJC[BnB  JO  jgqnitijij; 


i(McirTj<i««oc-ooo©-^e-irOT*'ioco 


.-Heqco-^iocDt-ooos 


•joqtanu  XBijag 


I  OS  m ! 
'  CO  C5 ; 
■  cr:  C5  c 


1  o  o  o  o  o  =;  o  ■ 
iioioioioiciciicmi 


r^fX)o>Or-ifoc3rr-oo 

OCJiClOOOOOOOCSOJ 


•oSejnt^ 


.  00  00  00  00  00 
I  00  00  00  00  00 


'  a.s  C.3 

;  a  '=3  =  a 


^f>o 


2  = 

a  a 

®  5 


c  o  o  o  o 


•  c3 

.  o 


ON;2;a20s;c^ 


o  ®  ® 

S5g 


aiPiP^    M 


352 


FOOD    AND    FOOD    ADULTERANTS. 


■anuo  'sooaSoi>  ni  norjuzii'Bpj 


ON  MOO 


Mill 


OQ  to  •*  ©  O 


O  C  CO  O  (35 

(M  r^  CM  M  s^q 

Mill 


•qsy 


'(Mioc-iiooo-*cqoo:oa5      th 

.  CO  ?J  «S  -<*  i-l  CO  CM  CM  CO  CC  (M         CO 


•aUTIOD^If) 


'  00  O  t  •  CO  t^  CO  M  cq  O  <M         o 
'  C5  1-1  ?0  1-1  Tjl  M  r-l  rH  ^  O         (M 


-X9p    SB    sjBSns    Saionpag; 


5^  oo  00  05  t-l  CO 

(^-^<N  odea  CO 


I  O  CO 
,  o  D- 
I  (MOO 


■qsTJ|0(I  JO  9:^«jm?:jTa; 


lOOOOOOOi-HO 


•0t;80B  SB  SpiDB  aiX^BpA 


't^CS'M'Mt^OOCtrt-^OO 


I  ^  O  CO  -^  lO  CO  O  lO 


•OUB^JB!).  SB  SpiOB  pOXT^ 


■OOOCOlOOCOOClOCOi 


•oi.ib;jb|  SB  spioB  xb;ox 


•;oBj;xa: 


Mcoococjocoorfr^i* 

OOCOCOCOCO(MlO<MCO<MCO 

;coeo«rfo5o6coi3Ji>oocdco 


•araniOA  i!q  pqooty 


r-  00  M  X  t^  O  C-1  lO  O  C5  o 
OOCOOOODOOOOThOJ 

;c:io5Qdc;t-;cot>;cda5«.-J3d 


>C0Ci05C0O0000Silft- 


•;q§i3.\i.  K(\  loqooxY 


l05C0lrtlO03lO03-*lOC0 


•i!!|TAB.i§  ogpadg 


'WM— 'iOt~t---iO'MCO  ^ 

rococo-<T'Oco^ooc:;co  co 

Ci'^-Hr-icoi-iiraco-*-^  o 

05  o  o  o  o  o  o  o  o  o  o 


•ST8^[BUB  JO  JaqiUIlj^ 


l5^CO^L-3C3t~OOCr50i 


•jaqcanii  TBtJog 


OC5C5O0COOOCi030> 
OOOOO^OOOOO 


•eSBjui^ 


T*<CO      .  "*■ 
00  00  "" 

00  30      ■  00  I 


>1 
•a  c3 


^-IP 


M2       P-  CC  C/2      H'j:^<i 


WINES.  353 

llaximiim,  luiniiniim,  and  mean  composition  of  the  samplti  examined. 


Constituents. 


Sixteen  samples  red     Nino  samples  white    Eleven  samples  sweet 
Avines.  wines.  wines. 


Specific  gravity 

Alcohol  by  weistit per  cent. 

Alcohol  by  volume do  . . 

Extract do... 

Total  acids  as  tartaric do. . . 

Fixed  acids  as  tartaric do . . . 

Volatile  acids  as  acetic do... 

Bitartiate  of  potash do . . . 

Heducing  sugars  as  dextrose. do... 

Glycerine do . . . 

Ash do... 


.9983 

11.93 

14.74 
2.83 
.870 
.724 
.281 
.133 
.508 
.893 
.453 


.  9903' 

7.78     ' 

9.08 

1.39  i 
.383  ] 
.113  I 
.084  ! 
.029  ! 

none.  ' 
.303 
.176 


.9946 

.9919 

.0882 

.9912 

9. 06     13.35 

9.01 

10.44 

11.95     [16.52 

11.17 

12.91 

1.94       1.75 

1.16 

1.35 

.611       .750 

.488 

.665 

.  397       . 595 

.385 

.498 

. 169       . 187 

.082 

.131 

. 068  1     . 255 

.039 

.152 

.104 

.980 

none. 

.250 

.490 

.835 

.365 

.528 

.290 

.260 

.181 

.220 

1.  0511 

16.16 

19.87 

17.20 
.683 
.490 
.202 
.132 

15.05 
.657 
.686 


.9929   1.0261 
10.98      14.50 
17.  85 
11.  21 


13.60 

3.38 

.360 

.285 

.025 


1.85 
.052 
.118 


.511 
.378 
.104 
.067 
8.48 
.260 
.351 


A  comparisoii  of  the  composition  of  American  wines  with  those  of 
other  countries,  as  shown  in  these  analyses,  and  a  discussion  of  the 
points  of  difference  or  agreement  would  be  a  most  interesting  and  in^ 
structive  task.  It  would  require  considerable  space,  however,  for  a 
proper  presentation  of  the  subject,  and  must  be  omitted  in  the  i^resent 
investigation,  as  not  being  of  so  direct  importance  to  the  question  of 
the  adulteration  of  wines. 


THE  ADULTERATIOX  OF  WINES. 

The  adulteration  of  wine  has  been  practiced  from  a  very  earl^^  date 
in  those  countries  where  the  consumption  is  large.  It  has  increased 
in  amount  and  in  the  skillfulness  of  its  practitioners  until  at  the  pres- 
ent day  it  requires  for  its  detection  all  the  knowledge  and  resour- 
ces which  chemical  science  can  bring  to  bear  upon  it,  and  even  then 
a  large  part  doubtless  escapes  detection.  It  must  be  remembered,  how- 
ever, that  in  Europe  the  definition  of  adulteration  has  rather  a  wide 
scope,  including  the  addition  of  substances  which  are  simply  diluents. 
The  Paris  Laboratory  considers  as  a  fraud  "  the  addition  of  any  sub- 
stance for  the  purpose  of  gain  which  changes  the  composition  of  the 
natural  wine."  In  Germany,  on  account  of  the  northern  situation  of 
the  country,  it  is  permitted  to  the  wine-growers  in  bad  years,  when  the 
grapes  contain  a  relatively  high  i^ercentage  of  acid  and  a  low  percent- 
age of  sugar,  to  make  use  of  pure  sugar  as  an  addition  to  the  must, 
which  addition  is  not  considered  as  an  offense  against  the  adulteration 
laws,  so  long  as  the  product  is  sold  as  "  wine"  simply.  The  amount 
of  water  added  with  the  sugar  must  not  be  greater  than  twice  the  weight 
of  the  former,  and  the  product  must  not  be  offered  for  sale  as  *'  natural 
wine." 

By  far  the  greater  part  of  the  adulteration  carried  on  in  the  Euro- 
pean countries  consists  of  this  addition  of  water  [mouiUaf/e)  and  sugar 
{sxicrage).    Such  wines  result  from  the  methods  of  manufacture  already 
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described — petiotizatiou,  gallization,  and  cliaptalization.  For  the  de- 
tection of  such  wines  it  is  necessary  to  establish  ruaximum  and  mini- 
mum limits  for  the  i)rincipal  constituents  of  wines,  and  the  relation  in 
which  these  constituents  stand  to  one  another.  To  establish  these 
limits  is  rather  difficult,  and  requires  a  large  series  of  analyses  extend- 
ing over  many  years.  The  constituents  most  relied  on  for  the  estab- 
lishment of  the  character  of  a  wine  in  judging  whether  it  has  been  di- 
luted or  not  are:  the  extract,  content  of  free  acicl,  and  the  relation  be- 
tween the  extract  and  mineral  matters. 

In  Germany  the  lowest  limit  of  the  extract  in  a  natural  wine  is  placed 
at  1.5  grams  in  lOOcc,  and  after  subtracting  the  amount  of  free  fixed 
acids  calculated  as  tartaric  from  the  extract,  the  amount  of  the  latter 
left  must  be  not  less  than  1.1  grams ;  or  after  the  subtraction  of  the 
total  free  acids  as  tartaric,  not  less  than  1.  gram  in  lOOcc.  In  the 
Paris  Laboratory-  no  exact  limits  are  set,  the  decision  being  left  to  the 
judgment  of  the  analyst,  after  a  careful  comparison  of  the  sample 
with  analyses  of  previous  similar  wines  done  in  the  laboratory  in  past 
years.  The  sugar  added  is  often  glucose,  which  introduces  into  the  wine 
substances  more  or  less  injurious,  depending  upon  its  character.  Ordi- 
nary glucose  contains  usually  10  or  15  per  cent,  of  non-fermentable 
substances,  which  serves  to  increase  the  weight  of  the  extract,  thus 
masking  the  addition  of  water.  Its  fermentation  gives  rise  to  the  for- 
mation of  a  small  quantity  of  amyiic  alcohol,  which  increases  the  intox- 
icating effect  of  such  wines,  and  causes  headache  and  nausea  in  those 
j)artaking  of  them. 

In  the  detection  of  this  substance  advantage  is  taken  of  the  non-fer- 
mentable character  of  the  dextrin  it  contains,  and  of  the  presence  of 
amylin,  a  non-fermentable,  highly  dextrorotatory  body  found  in  commer- 
cial starch  sugar.  oOcc.  of  wine,  after  driving  off'  the  alcohol  by  evapora- 
tion, are  subjected  to  fermentation  by  the  addition  of  a  little  well- washed 
yeast.  After  the  fermentation  is  complete  the  liquid  is  clarified  by 
means  of  lead  or  bone  black,  and  i^olarized.  If  starch  sugar  has  been 
used  a  strong  rotation  to  the  right  will  be  observed,  while  if  the  wine 
was  natural,  or  if  the  sugar  used  was  cane  sugar,  there  would  be  no 
rotation.  The  following  procedure  is  also  given  by  the  German  Com- 
mission : 

Two  huDclred  and  ten  cubic  centimeters  of  the  wine  are  evaporated  to  a  thin  sirup  on 
the  water-batli  after  tlie  addition  of  a  few  drops  of  a  20  per  cent,  solution  of  acetate  of 
j)otash..  To  the  residue  is  gradually  added  with  continual  stirring  200cc,  of  90  per  cent, 
alcohol.  The  alcoholic  solution  when  perfectly  clear  is  poured  off  or  filtered  into  a 
flask  and  the  alcohol  driven  off  until  only  about  5cc.  remain.  The  residue  is  treated 
with  about  locc.  water  and  a  little  bone-black,  filtered  into  a  graduated  cylinder  and 
Tvashed  with  water  until  the  volume  measures  30cc.  If,  now,  this  liquid  shows  a  ro- 
tation of  more  than  -fO.5,  Wild,  the  wine  contains  the  unfermentable  matters  of  com- 
mercial potato  sugar  (amylin). 

I  have  made  no  trial  of  these  methods  on  American  wines,  and  give 
them  simply  as  a  reference.     It  is  well  known  that  American  starch 
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sugar,  made  from  corn,  is  quite  different  in  composition  from  the  Euro- 
pean article,  which  is  usually  made  from  i)otato  starch,  and  I  do  not 
know  that  the  presence  of  amylin  has  been  demonstrated  in  the 
American  article.  Whether  the  latter  contains  much  dextrin  or  not 
depends  upon  the  character  of  the  ''  glucose  "  used  j  if  it  is  the  liquid 
glucose,  I  can  testify  from  experience  that  it  contains  a  considerable  per- 
centage of  dextrin ;  but  if  it  is  the  highly  converted  ''  grape  sugar"  or 
solid  glucose  that  is  used,  probably  not  much  dextrin  is  introduced  into 
the  wine  from  it. 

Fraudulent  wines  are  frequently  made  from  raisins  or  dried  grapes  in 
France,  and,  according  to  French  authorities,  can  easily  be  recognized 
by  their  high  percentage  of  reducing  sugar,  and  left-handed  polariza- 
tion after  fermentation. 

The  plastering  of  wines,  which  is  also  very  extensively  carried  on  in 
France,  consists  in  adding  to  the  wine  or  must  a  large  excess  of  gypsum, 
or  sulphate  of  lime. 

The  sulphuric  acid  of  the  lime  salt  rei)laces  the  tartaric  acid  which  is 
combined  with  potash,  and  forms  an  acid  sulphate  of  potash,  while 
the  tartaric  acid  separates  out  as  tartrate  of  lime.  The  operation  is 
said  to  give  the  wine  a  brighter  color  and  to  enhance  its  keeping  qual- 
ities, probably  by  a  mechanical  carrying  down  of  some  of  the  albumi- 
nous matters.  Some  authorities  seem  to  regard  the  addition  as  a  i^ar- 
donableone  on  this  account,  but  most  condemn  it.  It  certainly  intro- 
duces into  the  wine  a  salt  entirely  foreign  to  the  grape  and  of  a  more 
objectionable  nature  than  that  which  it  sui^plants,  viz,  the  bitartrate  of 
potash.  Both  Germany  and  France  are  in  accord  as  to  the  limit  of 
sulphuric  acid  which  can  be  used  in  a  wine,  requiring  a  wine  with  a 
content  of  SO3,  corresponding  to  over  2  grams  of  potassic  sulx^hate  (Kg 
SO4)  per  liter,  to  be  designated  as  a  plastered  wine.  This  figure  affords 
a  pretty  wide  margin,  for  the  average  content  of  wines,  according  to 
most  observers,  is  not  over  one-fourth  of  the  standard,  or  .5  grams  K2 
SO4  to  the  liter. 

The  determination  of  the  sulphuric  acid  can  be  made  directly  by  pre- 
cipitation of  the  wine  with  barium  chloride,  but  is  much  more  conveni- 
entli^  and  rapidly  carried  out  as  follows  : 

Take  14  grams  of  pure,  dry,  crystallized  barium  chloride,  together  with  50cc.  hydro- 
chloric acid,  audmake  up  to  a  liter.  If  lOcc.  of  wiue  are  used,  every  Ice.  cf  this  so- 
lutiou  required  indicates  a  couteut  of  1  gram  K3  SO4  to  the  liter  of  wine  ;  accordingly 
to  several  portions  of  wine  of  lOcc.  each  are  added,  respectively,  0.7,  1,  1.5,  2cc.  and 
more  if  necessary,  the  solution  heated,  and  allowed  to  stand.  When  cool  they  are 
filtered,  and  a  little  more  barium  chloride  added  to  each  test.  Tbe  appearance  or 
non-appearance  of  a  farther  precipitate  in  the  different  tests  will  show  between 
what  limits  the  content  of  SO3  lies. 

The  use  of  starch  sugar  is  also  likely  to  introduce  sulphates  into  the 
wine. 

Fortification  of  wine  consists  in  the  addition  of  alcohol  derived  from 
some  otlier  source.    The  alcohol  may  be  added  either  t^  the  must  or  the 
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wine.  It  allows  of  better  incorporation  with  the  wine  if  it  is  added  to 
the  must  before  fermentation.  In  either  case,  however,  it  precipitates 
a  part  of  the  constituents  originally  dissolved,  lowers  the  quantity  of  ex- 
tract, deprives  the  wine  of  its  original  bouquet  and  Mvor,  and  renders  it 
more  heady  and  intoxicating.  The  least  objectionable  addition  is  alco- 
hol distilled  from  grapes  j  but  the  high  price  of  the  latter  renders  it  much 
less  likely  to  be  used  than  corn  spirit,  which  contains  considerably  more 
fusel  oil.  The  practice  of  fortification  prevails  especially  in  the  more 
southern  wine-growing  countries,  as  Portugal,  Spain,  and  the  South  of 
France.  Growers  in  those  countries  declare  it  to  be  a  necessary  addi- 
tion in  their  warm  climates  for  the  preservation  of  the  wines,  as  these 
latter  contain  a  considerable  quantity  of  unfermented  sugar,  which 
would  soon  i^roducethe  souring  of  the  wine  if  the  alcoholic  content  were 
not  greater  than  can  be  obtained  by  fermentation.  In  France,  for  ordi- 
nary red  wiues,  the  addition  of  alcohol  is  decided  by  the  relation  of  the 
alcohol  to  the  extract  (sugar  deducted)  exceeding  sensibly  the  relation 
of  4  to  4.5.  In  Germany  the  relation  of  alcohol  to  glycerine  is  relied 
upon,  the  maximum  proportion  allowed  being  100  parts  by  weight  of  al- 
cohol to  14  of  glycerine  and  the  minimum  100  to  7.  Wines  going  above 
the  maximum  are  condemned  as  having  suffered  an  addition  of  glycer- 
ine,  those  going  below  the  minimum  as  being  fortified  with  alcohol. 
With  ^' sweet  wines"  these  figures  do  not  apply,  as  they  are  based  on 
natural  wines  made  in  Germany.  Moreover,  no  definite  stand  is  taken 
upon  the  question  of  the  fortification  of  the  sweet  wines  from  other 
countries  sold  in  Germany.  The  Bavarian  chemists  require  the  con- 
tent of  alcohol  and  sugar  in  sweet  wines  used  for  medicinal  purposes  to 
be  shown  on  the  label,  a  very  excellent  provision,  for  no  two  samples  of 
sweet  wine  can  be  depended  upon  to  be  of  similar  composition,  and  the 
physician  is  altogether  in  doubt  as  to  what  sort  of  a  compound  he  is 
administering  to  his  patient  under  the  name  of  ''port"  or  '•  sherry." 
Any  wine  with  a  higher  iDcrcentage  of  alcohol  than  15  per  cent,  by 
volume  (12  per  cent,  by  weight)  can  be  safely  declared  to  be  fortified, 
for  it  has  been  shown  that  fermentation  is  arrested  when  the  alcoholic 
content  reaches  about  that  point. 

The  preservative  agents  added  to  wine  are  entirely  similar  to  those 
used  in  maltliquors.  The  subject  of  the  use  of  salicylic  acid  has  been 
so  thoroughly  investigated  in  the  portion  of  the  bulletin  devoted  to  beer 
that  a  further  treatment  of  the  subject  is  unnecessary.  The  methods 
for  detection  and  estimation  already  given  for  beer  are  applied  equally 
as  well  to  wine.    The  same  may  be  said  of  sulphites  and  borax. 

Mineral  additions  to  wine  are  generally  introduced  accidentally,  the 
strong  acidity  of  the  liquid  making  it  very  liable  to  contamination 
from  metallic  vessels,  pipes,  &c.  Lead  oxide  was  sometimes  added  to 
wine  to  counteract  excessive  acidity  in  former  days,  and  Hassall  gives 
cases  of  deaths  ti^aced  to  the  use  of  such  wines.  Such  additions  belong 
probably  to  the  adulterations  of  tlie  past,  although  the  possibility  of 


I 


WINES.  367 

such  a  contamination  should  never  be  forgotten,  especially  if  any  of 
the  symptoms  of  lead  poisoning  have  been  produced  by  a  suspected 
sample.  The  search  for  mineral  constituents  in  wine  presents  no  diffi- 
culties  and  need  not  be  farther  dwelt  upon. 

Gummy  substances  are  sometimes  added  to  watered  wines  to  make 
up  for  their  deficiency  in  extract.  Gum  arabic,  or  commercial  dextrin, 
have  been  used  for  this  purjiose.  The  addition  may  be  detected  by  the 
following  method,  taken  from  the  German  Commission:  "lOcc.  of  95  per 
cent,  alcohol  are  added  to  4cc.  of  wine  and  the  whole  well  shaken;  if 
gums  are  present  the  liquid  becomes  milky  and  does  not  clear  up  com- 
pletely even  after  standing  several  hours.  The  precipitate  formed 
adheres  in  part  to  the  sides  of  the  glass,  and  forms  lumps.  In  genuine 
wines  flakes  form  after  a  short  Mme,  which  subside  and  remain  rather 
loose.  For  a  more  exact  test  the  wine  should  be  evaporated  to  a  sirup, 
extracted  with  alcohol,  and  the  insoluble  j)art  dissolved  in  water.  This 
solution  is  treated  with  Ice.  hydrochloric  acid,  heated  under  pressure 
for  two  hours  and  the  reducing  power  ascertained  with  Fehling^s  solu- 
tion. With  genuine  wines  no  considerable  reduction  is  obtained  in  this 
way."    I  have  made  no  trial  of  this  method. 

The  adulteration  of  wines  by  substituting  for  it,  wholly  or  in  part,  the 
fermented  juices  of  other  fruits,  such  as  cider,  is  a  matter  difficult  of 
detection.  The  presence  in  such  wines  of  malic  acid  and  the  absence  of 
tartaric  was  formerly  considered  a  sufficient  proof  of  the  addition,  but 
it  is  found  that  in  bad  years  malic  acid  often  predominates  in  grape 
juice,  and  on  the  other  hand  various  causes  may  greatly  reduce  the 
content  of  bitartrate  of  potash,  or  even  cause  it  to  entirely  disappear. 
The  proof  of  such  addition  by  chemical  means  rests  chiefl}'  upon  con- 
clusions drawn  from  the  general  composition  of  the  sample  analyzed. 
Often  the  taste  or  odor  of  the  residue  of  evaporation  of  the  sample  it- 
rrfielf  or  of  the  distillate  will  give  some  clew  to  such  addition.  Often  the 
recognition  of  free  tartaric  acid  in  such  wines  will  condemn  them  as 
artificial,  for  natural  wines  contain  a  very  small  amount,  if  any,  of  the 
free  acid;  according  to  the  German  Commission  never  more  than  one- 
sixth  of  the  total  free  fixed  acids.  Tartaric  acid  is  often  added  also  to 
wines  which  have  been  deprived  of  part  of  their  normal  acidity  by  the 
addition  of  water  or  sugar  solutions.  The  qualitative  determination  is 
as  follows: 

To  20  or  30cc.  of  wine  is  added  precipitated  and  finely  powdered  bitartrate  of 
potash,  the  whole  well  shaken  and  filtered  after  standing  an  honr.  To  the  clear 
solution  is  added  2  or  3  drops  of  a  20  per  cent,  solution  of  acetate  of  potash  and  the 
whole  allowed  to  stand  twelve  hours.  The  shaking  and  standing  of  the  solution  must 
take  place  at  as  nearly  as  possible  the  same  temperature.  If  at  the  end  of  this  time 
any  considerable  precipitate  has  separated  out,  the  quantitative  estimation  should  be 
undertaken. 

Foreign  coloring  matter s'?iv&  frequently  added  to  red  wines,  either  to 
brighten  and  improve  the  color  obtained  from  the  grapes,  or,  more  fre- 
quently,  to  cover  up  the  effects  of  previous  dilution,  These  colors  may 
4450^^-0.  13,  pt.  3—7 
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be  of  vegetable  origin,  obtained  from  the  various  vegetable  dyes,  or  by 
mixing  the  juice  of  other  highly  colored  berries  or  fruits  with  the  wine; 
or  they  may  be  some  of  the  numerous  varieties  of  aniline  dyes  obtained 
from  coal-tar.  A  few  examples  of  the  vegetable  dyes  said  to  be  used 
may  be  mentioned  as  follows :  Logwood,  cochineal,  elderberries,  whortle- 
berries, red  cabbage,  beet-root,  mallow,  indigo,  &c. 

Yery  elaborate  and  extensive  schemes  for  the  detection  of  these  col- 
oring matters  have  been  devised,  and  chemical  literature  is  full  of  arti- 
cles written  upon  the  subject,  yet  the  positive  identification  of  any  of 
the  vegetable  coloring  matters  used  is  only  very  exceptionally  carried 
out.  Most  of  these  schemes  are  based  upon  the  difference  in  the  color  of 
the  precipitates  given  with  various  reagents,  and  the  coloring  matters 
of  the  grape  resemble  so  very  closely  in  their  behavior  others  of  vege- 
table origin,  and  the  variations  in  the  amount  of  tannin  present  has  so 
great  an  influence  upon  the  character  of  the  precipitate,  that  definite 
conclusions  are  well-nigh  impossible. 

The  Berlin  commission  rejects  all  methods  for  the  detection  of  veg- 
etable coloring  matters  as  not  being  capable  of  yielding  positive  proof, 
and  gives  only  methods  for  the  detection  of  coal-tar  colors.  The  Paris 
Laboratory,  on  the  other  hand,  gives  a  very  elaborate  scheme  for  the  de- 
tection  of  both  vegetable  and  aniline  colors,  designed  to  cover  all  sub- 
stances likely  to  be  used  for  such  purposes.  This  scheme  is  based 
chiefly  upon  Gautier's  and  the  French  authorities  claim  that  with  it  a 
chemist  who  is  expert  by  long  experience  can  detect  the  coloration  of 
a  wine  hy  either  vegetable  or  mineral  foreign  matters,  though  he  may 
not  i)erhaps  be  able  in  all  cases  to  identify  the  particular  coloring  mat- 
ter used.  These  schemes  can  only  be  referred  to  here,  as  I  consider  that 
their  value  is  not  sufficient  to  justify  their  reproduction. 

The  detection  of  aniline  coloring  matters  can  be  made  with  tolerable 
certainty.  The  following  method  is  essentially  that  given  by  the  Ger^ 
man  commission,  and  originally  devised,  I  believe,  by  Konig.  Two 
samples  of  lOOcc.  each  of  wine  are  taken,  and  shaken  up  with  about 
SOcc.  of  ether,  after  one  has  been  rendered  alkaline  by  the  addition  of 
5cc.  of  ammonia.  After  separation  has  taken  place,  about  20cc.  of  the 
clear  ethereal  solution  from  each  test  are  poured  off  (not  filtered)  and 
evaporated  spontaneously  in  porcelain  dishes  in  which  are  placed  threads 
of  pure  white  wool,  about  5  cm.  in  length.  With  wines  which  are  free  from 
aniline  colors,  the  wool,  with  the  residue  of  the  ammoniacal  solution,, 
remains  of  a  perfectly  white  color,  and  the  thread  in  the  solution  which 
was  not  treated  with  ammonia  will  be  of  a  brownish  color.  The  pres- 
ence of  fuchsine  is  readily  detected,  however;  for  out  of  the  perfectly 
colorless  ammoniacal  ether  solution  a  bright  red  color  will  appear  as  it 
evaporates,  and  becomes  fixed  upon  the  woolen  thread.  Those  varieties! 
of  aniline  dyes,  which  are  more  readily  taken  up  by  ether  from  acid  '' 
solutions  than  from  alkaline  will  be  detected  by  the  red  coloring  of  the 
wool  in  the  ether  from  the  sample  which  received  no  addition  ^f  ammonia 
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The  coloring  matter  may  also  be  extracted  by  means  of  amyl  alcohol, 
which  color  will  be  discharged  from  the  solvent  by  ammonia  if  the  aniline 
dye  used  be  of  an  acid  nature,  in  which  case  the  amyl  alcohol  will  dis- 
solve little  coloring  matter  from  the  wine  in  i3resence  of  ammonia. 

The  diseases  of  wine  may  be  considered  in  the  light  of  an  adulteration, 
as  it  is  a  fraud  to  offer  wines  for  sale  as  pure  wines  which  have  under- 
gone a  change  which  alters  their  composition  and  renders  them  unfit 
for  use.  The  researches  of  Pasteur  on  fermentation  have  shown  that 
nearl}'  all  of  the  diseases  of  wine  are  due  to  the  develoi^ment  in  them  of 
microscopical  vegetable  growths,  whose  germs  are  carried  in  the  air. 
Each  disease  has  its  own  special  organism  peculiar  to  itself,  which  may 
be  detected  by  the  microscope.  These  different  organisms  produce  the 
souring,  molding,  bittering,  cloudiness,  blackening,  &c.,  of  wine.  The 
best  wines  are  said  to  be  the  most  subject  to  these  alterations ;  every 
year  large  quantities  of  the  finest  wines  of  Burgundy  are  spoiled  by  the 
disease  called  bittering  (Vainer). 

In  wines  that  have  become  entirely  unfit  for  use  through  the  develop- 
ment of  one  of  these  diseases  the  fact  is  rendered  sufficiently  evident 
by  the  senses,  especially  to  an  expert  taster.  To  detect  the  first  begin- 
ning of  such  alteration,  however,  is  more  readily  done  by  means  of  the 
microscope  in  the  hands  of  an  expert. 

EXAMINATION  FOR  ADULTERATION  OF  THE  WINES  ANALYZED  BY  THE 

DEPARTMENT. 

In  the  absence  of  any  well-defined  national  standard  as  to  what  shall 
constitute  a  pure  wine  in  the  United  States,  or  definitions  and  limita- 
tions as  to  the  nature  of  the  liquids  which  can  lawfully  be  sold  as  such, 
I  have  had  recourse  to  the  well-defined  and  carefully  worded  laws  of 
Germany  and  France  which  deal  with  the  adulteration  of  wines,  some 
of  which,  together  with  the  accepted  methods  for  the  detection  of  adul- 
teration, as  agreed  upon  by  chemists  of  i^rominence  in  those  countries, 
I  have  collected  together  and  inserted  at  the  close  of  the  Bulletin,  un- 
der the  heading  of  Appendix  B. 

The  only  State  law  I  have  been  able  to  find  which  deals  specifically 
with  wine  is  a  recent  enactment  in  ^ew  York,  which  is  also  given  in 
full  in  Appendix  G. 

The  nature  and  extent  of  the  different  kinds  of  adulteration  as  shown 
by  the  samples  examined  may  conveniently  be  taken  up  in  the  same 
order  as  was  pursued  in  treating  of  the  methods  for  detecting  them, 
and  of  these  the  first  is  the  dilution  or  watering  of  wine. 

THE  DILUTION  OR  WATERING  OF  WINE. 

It  would  seem  natural  that  in  American  wines,  which  can  be  pro- 
duced so  cheaply  and  in  such  great  abundance,  this  adulteration,  which 
is  such  a  favorite  one  with  the  manufacturers  of  the  costly  wines  of 
Bordeaux,  Burgundy,  *S:c.,  wonld  be  very  rare.  The  fraud  is  so  simple, 
however,  so  easj'  of  execution,  and  so  difficult  of  detection,  that  it  will 
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probably  alwaj^s  be  a  favorite  oue  with  unscrapulous  dealers.  It  must 
be  remembered,  also,  that  with  many  American  producers,  whatever 
article  they  produce,  more  attention  is  paid  to  its  quantity  than  its  quali- 
ty.  Wine-growers  are  not  the  only  persons  who  practice  this  method, 
as  it  can  be  done  also  by  merchants  and  retailers,  although  in  the  latter 
case  it  is  much  more  easy  of  detection.  That  which  might  be  called 
scientific  dilution,  by  means  of  the  processes  already  described  (petioti- 
zation,  &c.),  is  much  more  difficult  of  detection  than  the  simple  attenua- 
tion of  the  wine  by  the  retailer.  So  little  official  supervision  has  been 
exercised  over  the  wines  sold  in  this  country  that  certainly  the  fear  of 
detection  has  not  operated  very  largely  as  a  preventive  of  this,  or  in 
fact  any  other  adulteration. 

In  Dr.  Baumert's  work,  which  has  already  been  alluded  to,^  and  to 
which  I  shall  have  occasion  to  refer  frequently  as  constituting,  small 
as  it  is,  the  only  published  investigation  of  American  wines  for  adul- 
teration, none  of  the  samples  fell  below  the  German  standard  in  per- 
centage of  extract  (1.5  grams  per  lOOcc).  On  the  other  hand,  nearly  all 
the  white  wines  which  I  submitted  to  a  complete  analysis  fell  below 
this  standard,  and  two  of  the  red  wines.  A  large  number  of  the  sam- 
ples analyzed  by  Mr.  Parsons  also  fell  below  it.  That  this  limit  is 
not  placed  at  too  high  a  figure,  for  California  wines  at  least,  seems  evi- 
dent from  a  study  of  the  table  I  have  prepared  of  Professor  Hilgard's 
analyses  of  pure  wines,  from  which  it  appears  that  only  one  series  of 
analyses  gave  a  minimum  below  it,  while  the  averages  are  far  above  it. 
It  might  possibly  be  too  low  for  Virginia  wines,  but  the  majority  of 
those  that  fell  belo  w  it  were  of  California  origin.  The  New  York  law 
specifies  (§  2)  that  "  such  pure  wines  shall  contain  at  least  75  per 
centum  of  pure  grape  or  other  undried  fruit  juice."  Just  how  a  chem- 
ist, in  the  absence  of  legal  definitions  of  what  shall  constitute  a  ''  pure 
grape  or  other  undried  fruit  juice,"  is  to  decide  upon  the  question  of 
such  adulteration  by  the  above  law  is  difficult  to  indicate.^ 

The  samples  which  would  be  considered  as  watered  according  to  the 
German  standard  are  as  follows:  Serial  Nos.  5084,  5099,  4997,  4998, 
5081,  5083,  5089,  5097,  and  5098. 

PLASTERING. 

American  wines  would  seem  to  be  quite  free  from  this  form  of  adul- 
teration. Baumert  found  no  undue  excess  of  sulphates  in  the  samples 
he  examined,  but  refers  to  a  sample  analyzed  by  Stutzer,  which  con- 
tained in  lOOcc.  .141  gram  SO3.  In  my  seventy  samples  I  found  none 
which  exceeded  the  generally  adopted  standard  of  .092  gram  SO3  to 
lOOcc,  or  2  grams  K2SO4  to  the  liter,  and  only  three,  ISTos.  5100,  5107, 
and  5115,  which  contained  SO3,  corresponding  to  over  1  gram  K2SO4 
per  liter. 

1  Page  339, 

2  It  will  be  seeu  hy  the  above  that  cider  would  be  considered  ay  <^  wiue  "  under  the 
construction  of  the  law,  as  it  is  the  fermented  juice  of  ^'  other  iindried  fruit." 
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FORTIFICATION. 

It  is  evident  that  the  German  standard  of  100  parts  of  alcohol  by 
weight  to  7.  of  glycerine,  which  is  relied  upon  as  a  means  of  detecting 
the  addition  of  alcohol,  cannot  be  applied  to  American  wines.  Only 
three  of  the  samples  would  pass  muster  by  it,  and  it  seems  hardly  pos- 
sible that  the  practice  of  adding  alcohol  could  be  so  widespread  as 
would  be  thus  indicated. 

Below  is  given  the  number  of  grams  of  glycerine  for  100  grams  of 
alcohol  obtained  in  the  samples  (exclusive  of  the  sweet  wines): 


4995 

7.1 
5.6 
9.0 
6.7 
4.5 
5.7 
3.4 
4.3 
5.0 
3.1 
6.3 
3.7 

! 

4996 

5005     

5084 

5088 

5094 

5095 

5096 

5099 

5100. 

5101 

5103 

5104 

4997 

3.5 
3.7 
4.7 
7.3 
6.3 
3.7 
4.3 
6.5 
5.6 
3.4 

5.1 

4998 

4999 

5000 

5081  

5083 

5089 

5097 

5098 

Average 

Baumert  obtained  very  similar  results;  out  of  thirteen  analyses  (in. 
eluding  sweet  wines)  made  or  collected  by  him  only  four  contained  a 
larger  proportion  of  glycerine  to  alcohol  than  7  to  100.  Unfortunately 
no  determinations  of  the  glycerine  were  made  in  the  pure  wines  ana- 
lyzed by  Hilgard  j  so  no  light  is  thrown  on  this  point  by  them.  The  only 
possible  way  of  deciding  it,  together  with  other  questions  relating  to 
the  composition  of  American  wines,  would  be  by  the  analysis  of  a  large 
number  of  wines  known  to  be  pure.  In  the  absence  of  such  evidence, 
it  would  be  useless  to  attempt  to  pass  judgment  on  the  above  samples 
as  to  whether  they  had  been  fortified  with  alcohol  or  not. 
I  The  New  York  law  allows  of  an  addition  to  wine  of  "  pure  distilled 
'spirits  to  preserve  it"  not  to  exceed  8  per  cent,  of  its  volume,  which, 
supposing  the  wine  to  contain  originally  10  per  cent,  by  volume,  would 
give  a  wine  containing  at  least  17  per  cent,  by  volume,  or  about  the 
highest  amount  of  alcohol  which  could  be  formed  in  a  fermented 
liquor. 

*     The  sweet  wines  are,  of  course,  well  known  to  be  fortified  j  they  will 
be  treated  of  mora  fully  further  on. 

PRESERVATIVES. 

Especial  attention  has  been  given  in  the  present  investigation  to  the 
use  of  improper  preserving  agents  in  fermented  drinks.  It  was  thought 
that  such  agents  were  much  used  j  so  a  considerable  number  of  samples 
were  purchased,  and  the  examination  for  preservatives,  as  well  as  for 
other  adulterations  whose  detection  did  not  require  a  comj^lete  analy- 
sis of  the  wine,  was  extended  to  all.  The  results  show  the  practice  to 
be  even  more  extensive  than  was  supposed. 

I     The  following  table  shows  in  what  samples  salicylic  acid  and  sul- 
phites were  detected.    In  the  case  of  the  sulphites,  where  a  '^  trace  "  is 


362 


FOOD    ATs^D    FOOD    ADULTERANTS. 


indicated,  there  was  not  sufficient  to  j  nstify  tlie  assertion  tliat  a  sul- 
l)liite  or  sulphurous  acid  had  been  added  directly  to  the  wine  -,  in  such 
cases  it  probably  came  from  insufficient  cleansing  of  the  casks.  TV-here 
it  is  indicated  as  "present,"  however,  there  was  sufficient  indication  of 
its  havinfi-  been  added  to  the  wine. 


Examination  of  nines  for  jjreseri-atives. 


Designation. 

Made  in— 

Serial  num- 
ber. 

Salicylic 
acid. 

Sulphites. 

Xew  York 

. .     do 

49G0 
49tJl 
49G2 
49G3 
49G1 
4965 
4966 
4967 
49GS 
4969 
4970 
4994 
499.5 
499G 
4997 
4998 
4999 
5000 
5001 
5002 
5003 
5004 

None 

...do-..- 

...do 

..-.do 

-...do 

--  do 

Present.. - 

None 

..-.do 

.-.do..-. 

...do 

. .  do 

..  do 

...do.... 

...do.-.. 

Present-. 

...do.... 

None 

Present... 

None 

...do..-. 

..  do  ..._ 

Do... 

Do. 

Do 

Obio   . 

Do 

Do 

Present. 

Btir  ftind  t                     .         ..            .       ....... 

None 

Do. 

Catavrba                                                                  .... 

Ke w  York 

Nortb  Carolina. 

California 

(To           

Do 

Sweet  Scuppernonf        .............. 

Do. 

Do. 

Lenoire                                     .       ....  ........... 

Do 

St.-Macaire 

....do  

Do. 

Ano-elica 

do 

Do 

...do  

Trace. 

Claret  

...do  

Moselle            .                     .                  ............ 

do     

Present 

Riesliu o-,  Grav 

...do 

Eieslinf'  Jobannisber"'' 

do 

Present 

Sauterne       .         ....     ......       .     ........... 

.do    

Do. 

....do  

Sweet  13  iir'^undv        .                                ....... 

do 

Do 

Sweet  Muscatel 

Tokay 

....do 

.-..do  

Do. 
Do. 

Ziiifandel .     .. ....... 

. .  do 

5005    ....do 

5081  ...  do 

5082  ---.do 

5083  ....  do 

5084  --  do..-- 

5085  ....do 

5080  do 

5087  .--.do 

5088  Present... 

Do. 

Trace. 

California  Hock           .                1          .-.  .        

Present. 

California  Pvieslino- 

Trace. 

Zinfandel       

Do. 

St  -Julieu  Claret 

Trace 

Sweet  Catawba .|  Kew  York 

St.-Julien  Claret 1  

None. 
Trace. 

Eieslin""       .......                                     ' 

5089     Xone      .     .  Present. 

California 

...do 

...  do 

...  do  

Port.'- 

Muscatel 

Angelica 

Claret        

5091      ..do 1    Do. 

509J    ...do i    Do. 

5093     Present...!    Do. 

Yir"'inia      ..   .. 

509+     None Do. 

California 

Yiiginia 

California 

5095    ...  do Do. 

Claret 

5096    do Trace. 

Eieslino- 

5097    do 1  Present. 

California  Berger 

Claret 

Do 

Do 

Catawba 

...  do 

Virginia 

Kew  Jersey 

Virginia 

509S  "...do 

5099  ...  do  

5100  Present... 

5101  Xone 

5102  Present... 

5103  IS'one 

5104  I...  do 

5105  ..do 

5100    ...  do  

5107  Present... 

5108  ..  do  

5109  ,  ...do 

5110  ...do 

5111  Xone 

5112  ...do 

5113  -  do 

5114  Present... 

5115  do  

5116  oS^one 

5117  ...do  .... 

5118  1  Present... 

5119  None 

5120  ....do 

5121  Present... 

5123  ..     do 

5124  Xono 

5125  I  Present... 

5126  1  None 

5127  1   ..do 

51"8      ...do 

None. 
Do. 
Do. 
Do. 
Do. 

Claret 

California 

Do. 

Do     

...  do  

Do. 

Do 

Virginia  

Do. 

Sauterne                             .       ....        .     ... 

Present. 

Hock 

Do. 

California  J>eaune 

None. 

Trace. 

California  Gutedel 

Present. 

Claret                    .          .                

Virginia 

Do. 

California  Zinfandel 

Trace. 

California  Port 

None. 

Do. 

California  An^'elica 

Do. 

California 

....do  

Do. 

Old  Pale  Sberrv 

Do. 

Califoinia  Zinfandel               ...          '  --- 

Trace.        i 

Gutedel  Hock 

Berger  Hock 

California 

.  do 

Do. 

._  do 

Trace. 

California  Madeira           .                 ..... 

do    

None.          - 

California  Port 

California  Tokay 

....do 

•  do 

Do.            - 
Do.           I 

(Jalifornia  Frontignan 

California  Angelica. 

California  Ber'^er  Uock 

....do 

...do 

do 

Do.          j 
Do.           1 

Present.    ^ 
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From  an  examination  of  tliis  table  it  will  be  seen  that  of  the  seventy 
samples  examined,  eighteen^  or"  over  oue-fonrth,  had  received  an  ad- 
dition of  salicylic  acid,  and  thirteen  had  been  preserved  by  the  use  of 
sulphurous  acid,  either  as  such,  or  in  the  shape  of  a  sulphite.  In  two 
cases  both  agents  had  been  used.  One  of  the  samples  which  contained 
salicylic  acid  and  also  one  containiug  sulphites  were  among  the  sam- 
l^les  exhibited  at  the  meetiug  of  the  National  Viticultural  Convention 
last  year  in  Washington. 

The  question  of  the  proiDriety  of  the  use  of  preservatives  has  been 
very  fully  discussed  in  previous  pages,  and  will  not  be  further  enlarged 
upon  here. 

Baumert  found  no  salicylic  acid  in  the  samples  examined  by  him,  and 
only  traces  of  sulphurous  acid. 

The  examination  of  the  samj)les  for  boracic  acid  gave  such  i)eculiar 
results  that  I  hesitate  about  pronoancing  positively  upon  them  until  I 
shall  have  had  opportunity  to  investigate  the  matter  more  closely.  The 
test  with  turmeric  paper  gave  slight  traces  present  in  all  but  two  of  the 
thirty- six  samx)les  which  were  submitted  to  a  complete  analysis.  With 
only  a  very  few,  however,  could  any  test  be  obtained  with  the  alcohol 
flame.  Baumert  obtainedthe  same  test  in  everyone  of  the  samples  he  ex- 
amined. He  seeks  to  account  for  this  by  the  fact  that  plants  have  been 
known  to  assimilate  boracic  acid  from  the  soil,  and  knowing  that  in  some 
parts  of  California  the  soil  contains  considerable  quantities  of  borax,  he 
offers  it  as  an  explanation  that  it  was  taken  up  by  the  vine  from  the  soil. 
This  explanation  seems  hardly  tenable,  and  in  view  of  the  fact  that  some 
of  the  samples  I  examined  came  from  various  parts  of  the  country  other 
than  California,  must  be  thrown  aside  as  insufficient.  It  is  a  singular 
fact  that  both  of  the  samples  in  which  I  failed  to  get  the  test,  N^os.  5087 
and  5102  were  Catawba  wines. 

I  can  offer  no  explanation  of  the  matter  except  the  suspicion,  which 
I  hope  to  be  able  to  investigate,  that  the  trouble  lies  with  the  test. 

ARTIFICIAL  AVIXES. 

Ko  test  for  free  tartaric  acid  was  obtained  with  any  of  the  samples, 
which  would  seem  to  indicate  that  none  of  the  wines  were  artificial 
wines,  in  the  make-up  of  Avhich  free  tartaric  acid  is  very  apt  to  figure. 

COLORING  MATTERS. 

All  of  the  samples  of  red  wines,  about  forty,  were  submitted  to  a  search 
for  aniline  coloring  matters,  which  resulted  in  the  demonstration  that 
one  sample  out  of  the  forty,  Xo.  4996,  was  colored  with  an  aniline  dye- 
stuff,  probably  fuchsine. 

Baumert  found  one  of  his  eight  samples  to  be  colored  artificially  with 
an  aniline  dye. 

Ko  search  was  made  for  foreign  vef/etable  coloring  matters. 
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SWEET  WINES. 

It  would  seem  advisable  to  call  attention  to  the  very  variable  charac- 
ter of  these  wines  as  shown  by  the  analyses.  Considering  the  extensive 
use  that  is  made  of  such  wines  for  medicinal  purposes,  it  is  greatly  to 
be  desired  that  some  standard  should  be  required  for  their  composition, 
or  that  their  relative  content  of  alcohol  and  sugar,  at  least,  should  be 
stated  on  the  label,  as  is  required  by  the  Bavarian  authorities.  Among 
Mr.  Parsons'  samples  will  be  found  a  '•'  Sweet  Muscatel"  which  contains 
as  high  as  31  per  cent  of  sugar,  and  a  "  California  port "  which  contains 
nearly  21  per  cent,  of  alcohol  by  weight.  The  analyses  of  the  sweet 
wines  made  by  myself  furnish  a  still  poorer  showing,  for  the  low  figures 
obtained  for  glycerine  show  that  very  little  pure  grape  juice  enters 
into  their  composition.  Take  the  different  samples  of  Angelica  and 
Muscatel  wines,  for  instance;  these  varieties  are  almost  peculiar  to  Cal- 
ifornia J  they  are  made  from  a  very  sweet  grape,  of  strong  flavor.  Com- 
paratively few  analyses  have  been  made  of  them,  but  Baumert  had 
among  his  samples  two  Muscatel  wines  and  one  Angelica.  These  con- 
tained the  following  percentages  of  glycerine  :  Muscat  (H),  .883  j  muscat 
(W),  1.424;  Angelica,  .G98. 

Compare  these  numbers  with  the  percentage  of  glycerine  contained 
in  the  following:  5003,  Muscatel,  .102;  5092,  Muscatel,  .104;  4994,  An- 
gelica, .140;  5093,  Angelica,  .052. 

These  results  are  so  disproportionately  low  as  to  give  strong  ground 
to  the  suspicion  that  but  very  little  of  the  pure  juice  of  these  strong 
flavored  grapes  entered  into  the  composition  of  the  samples  I  examined, 
but  that  they  were  chiefly  composed  of  alcohol,  sugar,  and  water.  It 
would  be  an  easy  matter  to  imitate  the  strongly  marked  flavor  of  the 
grax^es  by  means  of  artificial  essences. 

California  wine-growers  claim  that  they  have  in  their  very  i^ure  grapo 
brandy  an  excellent  and  unobjectionable  source  of  alcohol  for  the  forti- 
fication of  sweet  wines,  but  certainly  the  samples  above  partake  more 
of  the  nature  of  a  liqueur,  than  of  a  natural  wine. 

The  following  table  gives  a  classification  of  the  wines  analyzed  in  the 
Paris  Municipal  Laboratory  during  the  years  1881  and  1882,  showing  the 
proportion  which  was  declared  adulterated,  and  the  relative  amount 
of  the  different  varieties  of  adulteration  as  shown  by  the  samples  an- 
alyzed. It  must  be  remembered  that  these  analyses  were  made  on 
suspected  samples,  and  do  not  by  any  means  represent  an  average  of 
the  quality  of  the  wines  sold  in  Paris. 
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1881.  !  1882. 


Number  of  samples  analyzed 

Good 

Passable 

Diseases  of  wine  (acid,  bitter,  moldy,  &c.) per  cent.. 

Fortified do 

Wnes  not  plastered  or  plastered  less  tban  1  gram do 

"Wines  plastered  between  I  and  2  grams do 

Wines  plastered  above  2  grams ; do 

Wateied    do 

Suiiared  and  petiotized do 

Artificially  colored do 

Salicyla  ted do 

Salted do... 

Deplastered do 


3,  361 

357 

1,093 

6.51 

9.55 

24.45 

52.53 

23.02 

41.12 

3.30 

15.  "65 

4.73 

0.18 


5,150 

898 

1,590 

5.24 

7.32 

25.47 

41.49 

33.04 

29.15 

6.62 

7.66 

5.00 

0.08 

0.  n 


A^viue  may  be  counted  several  times  in  tliis  table  ;  for  instance,  if  it  is  at  tlie  same 
time  -watered,  fortified,  too  raucli  i)lastered,  and  artificially  colored.  The  total  of  the 
percentages,  therefore,  adds  up  to  over  100. 

The  samples  analyzed  by  me  may  be  tabulated  as  follows : 

Total  number  analyzed 70 

Plastered  between  1  and  2  grams per  cent . .     4.  38 

^Yatered  (according  to  European  standards) do....   12.  85 

Artificially  colored do 1.  43 

Salicylated do 25. 71 

Sulphured do 18.  57 

The  percentages  are  of  the  total  number  analyzed ;  not  of  the  number  adulterated, 
as  in  the  French  wines. 
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CIDER. 


Cider  is  the  fermented  juice  of  the  apple.  It  is  an  article  of  very- 
general  use,  especially  in  those  parts  of  the  country  where  fruit- 
growing is  carried  on.  Statistics  of  the  amount  produced  or  consumed 
are  rather  difficult  to  obtain,  and  I  am  unable  to  present  any  definite 
statement  on  the  subject.  It  is  quite  a  favorite  article  of  home  produc- 
tion, nearly  every  farmer  in  regions  where  apples  are  grown  making  his 
barrel  of  cider  for  use  through  the  winter;  but  a  large  amount  also  finds 
its  way  into  the  city  markets,  finding  ready  purchasers  among  people 
who  still  retain  their  taste  for  the  drink,  acquired  during  a  childhood  on 
the  "old  farm."  A  considerable  quantity  is  also  consumed  in  the  shape 
of  bottled  cider,  "champagne  cider,"  "  sparkling  cider,"  and  similar  sub- 
stitutes for,  or  imitations  of,  champagne  wine,  large  quantities  of  this 
clarified  cider  being  produced  in  some  parts  of  the  country,  notably 
New  Jersey.  Most  of  the  cheaper  kinds  of  champagne  (American  cham- 
i:)agne)  are  made  in  this  wa3\ 

In  England  and  France  considerable  quantities  of  cider  fiud  their  way 
into  the  markets,  though  it  is  there,  as  here,  largely  an  article  of  home 
consumption.  Certain  parts  of  those  countries  are  famous  for  the  qual- 
ity of  their  ciders,  notably  Normandy,  in  France,  and  Herefordshire 
and  Devonshire,  in  England.  France  produced,  in  1883,  23,493,000  hec- 
to  liters  (020,211,200  gallons)  of  cider,  or  over  one-half  of  the  quantity 
of  wine  produced,  and  three  times  as  much  as  the  total  quantit^^  of 
malt  liquors. 

MANUFACTURE  OF  CIDER. 

In  the  numerous  sections  of  the  United  States  where  apples  are  grown 
in  large  quantities  the  manufacture  of  cider  furnishes  a  most  important 
means  for  the  utilization  of  such  fruit  as  is  unfit  for  marketing,  either 
from  being  too  small  or  sour,  or  too  thoroughly  ripened,  or  bruised  from 
handling.  The  conversion  of  these  into  cider,  and  perhaps  of  the  cider 
into  vinegar,  is  a  very  important  branch  of  apple  growing,  and  the 
cider  press  is  an  indispensable  adjunct  to  a  large  orchard.  Within  the 
last  ten  years  the  manufacture  of  cider  has  been  greatly  aided  by  im- 
provements, both  in  the  machinery  for  crushing  the  fruit  and  in  the 
presses  for  extracting  the  juice,  but  it  is  doubtful  if  the  methods  of  treat- 
ment of  the  juice  after  extraction  have  undergone  a  corresponding  de- 
velopment. The  methods  of  fermentation  and  preserving — operations 
that  are  so  carefully  performed  in  the  manufacture  of  other  fermented 
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liquors — are  exceeaiiigly  crude,  as  I  can  testify  from  personal  experi- 
ence. The  juice,  whether  containing  a  relatively  large  percentage  of 
sugar  or  not,  is  drawn  into  barrels  and  left  to  itself,  probably  exposed 
to  a  hot  sun  and  to  all  the  changes  of  temperature  incident  to  the 
autumn  season;  and  when  the  season  is  over  or  the  cider  is  in  danger  of 
freezing,  it  is  transferred  to  the  cellar  in  the  same  barrels  in  which  it 
was  originally  run,  without  any  attempt  at  cleansing  it  of  sediment,  or 
filtering  or  racking,  and  when  any  attempt  at  improving  its  keeping 
quality  is  made  it  is  by  adding  some  antiseptic  instead  of  freeing  it 
from  the  matters  which  conduce  to  improper  fermentations,  or  so  con- 
ducting the  process  as  to  produce  a  liquor  which  can  properly  be  called 
the  "wine  of  apples."  It  seems  remarkable  that  with  these  methods 
so  palatable  a  drink  is  produced,  a  fact  which  only  shows  what  might 
be  done  if  a  little  care  and  scientific  knowledge  were  applied  to  the 
treatment  of  the  juice.  There  is  a  great  difference  between  the  prac- 
tice here  and  in  other  countries  in  regard  to  the  treatment  of  the  juice. 
Here  the  greater  part  of  the  cider  produced  is  treated  as  indicated 
above,  and  is  sold  to  the  consumer  in  the  fall  or  winter  of  the  same  year 
it  is  produced,  without  any  treatment  whatever,  except  perhaps  the  ad- 
dition of  a  dose  of  mustard  seeds  or  sulphite  of  lime  or  salicylic  acid, 
to  arrest  or  retard  the  fermentation.  This  addition  serves  only  to  stop 
the  fermentation  for  a  while,  probably  through  the  winter,  and  in  the 
spring  whatever  has  not  been  consuii  ed  has  to  be  thrown  away  or 
turned  into  vinegar.  In  England  and  France  the  juice  is  treated  ac- 
cording to  the  sweetness  of  the  apples  from  which  it  is  made,  very  sweet 
juice  requiring  alow  temperature  for  its  fermentation  in  order  that  the 
operation  shall  not  be  too  rapid.  The  juice  is  run  into  barrels  or  large 
vats,  which  are  kept  in  a  barn  or  cellar  where  the  temperature  is  more 
or  less  constant,  and  the  fermentation  allowed  to  go  on  until  a  "chapeau" 
or  head  of  sciim  forms  on  top,  containing  many  of  the  impurities 
of  the  juice.  The  clear  liquid  is  then  "racked  off"  from  between  the 
impurities  which  have  risen  to  the  top  and  those  that  have  fallen  to 
the  bottom.  The  casks  into  whiiih  it  is  received  are  scrupulously  clean 
and  are  filled  nearly  full  and  transferred  to  a  cooler  cellar,  where  a  sec- 
ond slow  fermentation  takes  place.  The  racking-off  process  may  be 
repeated  if  necessary,  or  the  juice  may  be  filtered  from  the  first  fermen- 
tation. Cider  fermented  and  properly  racked  in  this  way  will  kee^)  in- 
definitely at  a  low  temperature,  especially  if  bottled.  For  bottling,  it 
generall}^  undergoes  the  operation  called  "fining,"  by  the  addition  of 
isinglass,  which  removes  most  of  the  albuminous  constituents  which  are 
so  inimical  to  its  proper  preservation.  Cider  made  in  this  way  will  be 
much  richer  in  alcohol,  and  contain  much  less  acetic  acid  than  whenits 
first  fermentation  is  allowed  to  take  place  at  a  high  temperature  and 
in  a  rapid,  tumultuous  manner.  It  is  a  true  apple  wine  and  will  keep 
indefinitely.  The  cider  of  Devonshire  has  been  kept  twenty  or  thirty 
years. 
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COMPOSITION  OF  CIDER. 

The  amouut  of  chemical  work  done  ou  cider  is  not  nearly  so  great  as 
bas  been  done  ou  wine.  In  fact  the  published  aual3'ses  of  cider  are 
very  few  aud  are  couflned  almost  entirely  to  other  countries.  I  have 
not  been  able  to  find  a  single  published  analysis  of  American  cider. 

The  following  analysis  of  Alsatian  cider  was  made  by  Boussiugault, 
and  dates  back  to  1SG3 : 


Alcohol 

Sugar 

Glycerine  and  succinic  acid 

Carbonic  acid 

Malic  acid 

Acetic  acid  

G-ummy  matters 

Potash 

Lime,  chlorine,  &o 

Nitrogenous  matter 

Water 


Grams 
per  liter. 


Tr 


69.95 
15.40 

2.58 
0.27 
7.74 
aces. 
1.41 
1.55 
0.20 
0.12 


Eousseau  has  published  the  irean  of  twenty  analyses  of  Brittany 
cider,  but  his  results  are  so  low  that  it  is  thought  by  French  authorities 
that  his  samples  had  been  watered : 


Alcohol,  per  cent,  by  volume 

Extract  grams  per  liter    

Sugar , 

Total  ash 

Ash  soluble  in  water 


The  following  are  analyses  of  i)ure  ciders  from  different  parts  of 
France,  made  in  the  Paris  Laboratory;  the  figures  are  in  grams  per 
liter : 


M 

■w  to 

a 

PS 

1 

0 

•53 

£§"■ 

53  =  ,^ 

5  0  a 
P. 

i 

i 

S 

5 

•3  ;-  a 

Alcohol,  in  weight  por  liter. . . 

Extract  dried  at  100°  C 

Rxtract  dried  in  vacuo     . -  - 

47.40 

57.60 

60.10 

3.50 

0.38 
2.23 
0.89 

20.00 
3.60 

2.50 

41.08 

30.90 

37.60 

2.50 

7.50 
4.07 

2.40 

37.92 
20.90 
27.00 
2.50 

0.25 
1.40 
0.85 

4.40 
5.36 

2.59 

34.76 

61.30 

72.70 

3.00 

0.30 
2.00 
0.70 

3.70 
4.54 

2.31 

23.70 

53.  20 

60.80 

2.60 

0.45 
1.80 
0.35 

16.50 
3.23 

2.68 

7.90 
69.70 
82.00 

2.54 

0.62 
1.5] 
0.41 

36.00 
2.68 

1.11 

25.30 

81.  20 

92.60 

2.30 

0.17 

19.75 
63.80 
75.00 

Total  ash 

Analysis  of  the  ash. 
Phosphates  insoluble  in  water 
{'arl)onate  of  potash 

2.80 
20;  55 

39.00 

Keducing  sugar 

Acidity  expressed  as  H2SO4  - . . 

Acidity  of  the  cider  dried  171 

vacuo     .. --- 

25.  00 
2.08 

1.48 
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Of  these  samples  the  first  four  had  undergone  a  good  fermentation. 
They  furnish  the  following  average  composition  for  the  principal  con- 
stituents : 


Alcobol,  per  cent,  bv  volnme 5. 2 

Extract  per  liter,  aflOOoC 41.18 

Sugar 8.  90 

Ash 2.87 


The  other  four  samples  were  partially  uufermeuted,  or  sweet,  ciders. 
Their  average  composition  was  as  follows : 


Alcohol,  per  cent,  hy  Tolnme 1.  70 

Extract  per  liter,  ar  100^  C 


2.56 


From  these  means  the  Municipal  Laboratory  deduces  the  following  as 
a  type  of  composition  for  pure  ciders : 


Alcohol,  per  cent,  by  volume 5.  66  , 

Extract  per  liter,  at  100=  C 30. 00  i 

Ash 2.80  I 


Eecent  analyses  of  pure  ciders,  from  different  parts  of  France,  pub- 
lished by  M.  G.  Lechartier,^  have  shown  great  variations  from  this  type, 
and  show  the  necessity  for  the  examination  of  large  numbers  of  samples 
from  various  parts  of  the  country  for  the  establishment  of  a  proper 
standard  of  analysis. 

ANALYSES  OF  SAMPLES  BY  THE  DEPARTMENT  OF  AGRICULTURE. 

Various  conditions  rendered  it  impossible  to  extend  the  investigation 
of  ciders  to  a  very  large  number  of  samples.  It  is  hoped  that  an  oppor- 
tunity for  a  more  extended  study  will  present  itself  in  the  future. 

The  samples  for  the  investigation  were  i^urchased  in  the  city  in  the 
same  way  as  the  samples  of  wine  and  beer. 

3rETH0DS   OF   ANALYSIS. 

The  different  determinations  to  be  performed  in  an  analysis  of  cider 
can  be  made  by  the  same  methods  as  are  used  in  the  analysis  of  beer 
and  wine.  These  have  been  already  suflBciently  discussed,  and  a  brief 
resume  showing  the  amount  taken  for  determination,  &c.,  in  the  sam- 
ples analyzed  will  be  all  that  is  necessary. 
•  The  specific  gravity  was  taken  witb  the  picnometer. 

The  alcohol  was  determined  in  the  distillate  from  lOOcc,  after  pre- 
vious neutralization  of  the  free  acid. 

The  total  solids  were  determined  by  drying  to  a  constant  weight,  10 
grams  in  the  case  of  the  sweet  ciders,  25  to  50  grams  in  the  more  com- 
i:)letely  fermented  samples. 

""  ^Compt.  Reud.  103,1104.   ^  ~~ 
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The  acidit}'  wasdefcermiued  in  25  to  oOoc.by  titration  \Yith  decinormal 
soda,  and  calculated  as  malic. 

The  sugar  was  determiued  with  Fehliug's  soUitiou,  as  indicated  under 
beer. 

The  ash  was  determined  by  incinerating  the  residue  from  50cc.  in  a 
muffle. 

The  albuminoids  were  determined  b}'  evaporatiug  2occ.  in  a  scluilclien 
and  burning  with  soda  lime. 

The  carbonic  acid  was  determined  in  the  bottled  ciders  by  the  method 
given  under  beer. 

The  polarization  given  is  that  of  the  the  normal  cider  in  degrees  of 
the  cane  sugar  scale.     It  was  taken  on  a  Laurent  polariscope. 

Anali/ses  of  ciders  by  United  States  Depart nient  of  Jyrienltiire. 


Designation. 


Well  fermented  eiders. 

Draft  cider  ("  extra  dry '") 

Bottled  cider,  known  to  be 
pure    

Bottled  cider 

Bottled  'extra  dry  russet' 
cider  

"Champagne  cider,"  bot- 
tled   

'•  Cbauipasne  cider,"  bot- 
tled  T 

"Sparkling cider,"  bottled 

Average 

^^  Sweet "  or  incompletehj fer- 
mented ciders. 


iS'AV 


4832 
4c3;j 


4834; 
48351 


4836i 
4927' 


o  cc   1     Z  S 


P.  ct.     P.  Cl. 
1.0132      4.18     5.23 


„.    i 


i^      I    «?  " 


■lis 


P.  ct.    P.  ct.   p.  ct.  p.  ct.  p.  ct.  P.ct 


3.31 


1.  0003  8.  09   10.  O.il  1.  88 

1,0007  6.28'     7. 83,  1.80 

!  i  I  ' 

1.0264  4.48;     5.GI  5.52 

i  ! 

1.0223;  4.  OS     5.10  5.02 


1.  0143 
1.  0306 


5.  45 
3.  G3 


6.  79      3.  G9 
4.  54     5.  92 


(302 

456 
376^ 

330 

567 

3(31 
113 


(') 


396     .  038, 


-19.5 


279| 
340; 


.393' 
.310 


.415 
.506 


.063  trace'    _7.  fl 

.044|  ...I  -6.1 

.031:....— 35.2 

.  050  .  161—23.  4 

1        I 
.  038  .  120  —20. 4 
i  (■■)   —33  8 


1.0154     5.17     6.45;     3.88     .402 


377 1     . 044 


Draft  cider 

"Sweet"  cider 

"  Sweet "  cider  (draft) 

Do 

Do 

Do 


Average 


4829 

4>^;ii| 

4837 
4838 
4839, 
4811 


1.  0.')37 
1.0516 
1.0567: 
1.  0203 
1.  0.5.52 
1.  0355' 


0.65 
0.  Glj 
0.  20] 
3.46i 

0. 55' 

2  96 


0.81 
0.77 
0.25 
4.33 
0.67 
3.71 


9.34; 
9.  59; 
9.  53; 
3.84 
9.  75' 
0.98 


.  565 
.  302 
.375 
.  H02 
.409 
.478 


I 
.315 
.270 
.283 
..374 
.336 
.348 


.  069! . . 
.  0(53; . . 
.075].. 
.044! 
.031!.. 
.  069; . . 


.—41.6 
.1-34.2 

.—48.4 
.—24.2 
.  —48.  5 
.  —39. 1 


1.0455 


1.40 


8.1^ 


.405 


.321 


059 


lA  circumstance  arising  after  the  saniphs  had  been  thrown  away  seemed  to  throw  considerable 
doubt  upon  the  determinations  of  sugar,  which  were  made  by  an  assistant,  and  the  entire  set  had  to 
be  thrown  out. 

2 Determinations  of  the  carbonic  acid  in  three  different  bottle.s  gave  the  following  results  :  .728,  .654, 
.482. 

ADULTERATION  OF  CIDER. 


Cider  is  very  little  subject  to  adulteration  according  to  most  of  tlie 
authorities  on  foods.  Even  Hassall,  who  generally  enumerates  under 
each  article  of  food  a  list  of  every  conceivable  adulteration  that  has 
ever  been  found  or  supposed  to  have  been  used  in  such  food,  only 
speaks  of  the  addition  of  water,  of  burnt  sugar  as  a  coloring  matter, 
and  of  the  use  of  antacids  for  the  correction  of  the  acidity  of  spoiled 
cider.  On  the  other  hand,  in  Frauce,  where,  as  we  have  seen,  it  is 
4450— ^^o.  13,  pt  3 8 
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very  largely  cousumed,  its  adulteration  is  by  no  means  uncommon,  al- 
though priQcipally  confined  to  its  watering,  together  with  additions 
for  the  purpose  of  covering  up  such  attenuation,  such  as  foreign  color- 
ing matters.  In  the  Paris  Municipal  Laboratory  out  of  63  samples  ex- 
amined in  1881,39  were  pronounced  ''bad,"  among  which  were  2G  artifi.- 
cially  colored;  i^i  1882,  59  samples  were  examined,  of  which  30  were 
declared  ''  bad,"  of  which  7  samples  were  artificially  colored ;  2  samples 
contained  salicylic  acid.  The  following  is  considered  there  as  a  mini- 
mum limit  for  the  composition  of  a  pure  cider,  and  any  sample  which 
falls  below  it  in  any  constituent  is  considered  as  watered: 


Alcohol,  per  cent,  by  volume 
Extract  in  grams,  per  liter... 
Ash ; 


18. 

1.7 


This  is  for  a  com^^letely  fermented  cider;  in  sweet  ciders  the  con- 
tent of  sugar  should  exceed  the  limit  sufficiently  to  make  up  for  the 
deficiency  of  alcohol,  to  which  it  should  be  calculated. 

EXAMINATION   OF   THE    SAMPLES   FOR   ADULTERATION. 

The  investigation  of  the  samples  was  undertaken  with  the  full  ex- 
pectation of  finding  a  considerable  number  i)reserved  with  antiseptics. 
This  supposition  failed  to  bo  confirmed,  however,  for  no  salicylic  acid 
was  found,  and  in  but  one  case  was  any  test  obtained  for  sulphites. 
None  of  the  samples  fell  below  the  standard  proposed  by  the  French 
chemists,  given  above,  and  no  metallic  or  other  adulteration  was  dis- 
covered. 

The  single  exception,  however,  ~No.  4927,  was  an  em  bodimeut  in  itself 
of  nearly  all  the  adulterations  which  have  been  enumerated  as  i)ossible 
in  cider.  It  was  handsomely  put  up  in  neatly  capped  bottles,  and  of  a 
clear,  bright  color.  Its  tremendous  "  head  "  of  gas  when  uncorked  gave 
rise  at  once  to  the  snspicion  that  it  had  received  some  addition  to  pro- 
duce an  artificial  pressure  of  gas,  for  pure  cider  does  not  contain  suffi- 
cient sugar  to  produce  very  much  after  fermentation,  any  more  than 
pure  wine.  The  low  content  of  free  acid,  together  with  the  largo 
amount  of  ash  and  very  variable  content  of  carbonic  acid  in  different 
bottles,  established  the  fact  that  bicarbonate  of  soda  had  been  added, 
probably  a  varying  quantity  to  each  bottle,  while  the  dose  of  sulphites 
added  was  so  large  that  a  bottle  has  stood  open  in  the  laboratory  all 
through  the  summer  without  souring. 

To  describe  in  detail  the  methods  for  the  detection  of  the  adulterations 
of  cider  would  be  simply  a  repetition  of  what  has  been  previously, 
given  in  connection  with  either  beer  or  wine  ;  the  search  for  preserva- 
tives is  precisely  the  same,  and  the  detection  of  the  addition  of  antacids 
has  been  fully  treated  of  under  beer.  'No  search  was  made  for  artificial 
coloring  matters,  as  it  seems  very  improbable  that  any  such  should  be 
used  in  this  country,  and  no  evidence  of  any  dilution  was  found, 
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Since  tbe  portion  of  this  bulletin  relating  to  malt  liquors  was  written, 
a  bill  has  been  introduced  into  the  British  Parliament  dealing  with  the 
question  of  the  use  of  substitutes  for  hops  and  malt  in  beer  brewing  5 
the  text  of  this  bill  is  as  follows :  ^ 

A  BILL  for  better  securing  the  purity  of  beer.     (A.  D.  1887.) 

Whereas  it  is  expedieut,  with  a  view  to  enable  the  public  to  distiiignish  between 
beer  brewed  from  hops  and  malt  from  barley  aud  beer  composed  of  other  ingredients, 
to  amend  the  law  relating  to  the  sale  of  beer  : 

Be  it  therefore  enacted  by  the  Queen's  Most  Excellent  Majesty,  by  and  with  the  ad- 
vice and  consent  of  the  Lords  Spiritual  and  Temporal,  and  Commons,  in  this  present 
Parliament  assembled,  and  by  the  authority  of  the  same,  as  follows: 

(Short  title.)     1.  This  act  may  be  cited  as  the  Pure  Beer  Act,  1887. 

(Declaration  of  ingredients  on  selling  beer.)  2.  Every  person  who  sells  or  exposes  for 
sale,  by  w  holesale  or  retail,  any  beer  brewed  from  or  containing  any  ingredients  other 
than  hops  and  malt  from  barley  shall  keep  conspicuously  posted  at  the  bar  or  other 
place  where  such  beer  is  sold  or  exposed  for  sale,  a  legible  notice  stating  what  other 
ingredients  are  contained  in  such  beer.  Any  person  who  sells  or  exposes  for  sale  any 
such  beer  as  aforesaid  without  comjdying  with  the  above  enactment  shall  be  liable  to 
a  fine  not  exceeding  in  the  case  of  the  first  offense  five  2)ounds,  and  in  the  case  of  the 
second  or  any  subsequent  offense  twenty  pounds.  Any  fine  incurred  under  this  section 
may  be  recovered  summarily  by  any  informer,  and  one-half  of  the  fine  shall  in  every 
case  be  paid  to  the  informer. 

(Definition  of  leer.)  3.  In  this  act  the  term  "  beer"  includes  beer  (other  than  black 
or  spruce  beer),  ale,  and  porter. 

(Commencement  of  act.)  4.  This  act  shall  come  into  operation  on  the^/-6/  day  of  Jan- 
uary, one  thousand  eight  hundred  and  eighty-eight. 

A  BILL  for  better  securing  the  purity  of  beer.     (A.  D.  1887.) 

Whereas  it  is  expedient,  with  a  view  to  the  better  protection  of  the  public  from 
adulteration  of  beer,  to  amend  the  law  relating  to  the  sale  of  beer  : 

Be  it  therefore  enacted  by  the  Queen's  Most  Excellent  Majesty,  by  and  with  the  ad- 
vice and  consent  of  the  Lords  Spiritual  and  Temporal,  and  Commons,  in  this  present 
Parliament  assembled,  and  by  the  authority  of  the  same,  as  follows  : 

(Short  title.)     1.  This  act  may  be  cited  as  the  Beer  Adulteration  Act,  1887. 

(Penalty  on  selling  leer  containing  other  ingrelients  than  ho2)S  and  malt  without  giving 
notice.)  2.  Every  person  who  sells  or  exposes  for  sale  by  wholesale  or  retail  any  beer 
brewed  from  or  containing  any  ingredients  other  than  hops  and  malt  from  barlej', 
shall  keep  conspicuously  j)osted  at  the  bar,  or  other  place  where  such  beer  is  sold  or 
exposed  for  sale,  a  legible  notice  stating  that  other  ingredients  are  contained  in  such 
beer. 
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Any  persou  who  sells  or  exposes  for  sale  any  sncli  beer  as  aforesaid,  without  com- 
plying with  the  above  enactment,  shall  be  liable  to  a  fine  not  exceeding  in  the  case 
of  the  first  olfeuse  forty  slnllings,  and  in  the  case  of  the  second  or  any  subsequent 
offense  tenjjounds. 

Any  fine  incurred  under  this  section  may  be  recovered  summarily  by  any  informer, 
and  one-half  of  the  fine  shall  in  every  case  be  paid  to  the  informer. 

(Definition  of  leer.)  3.  In  this  act  the  term  "beer"  includes  beer  (other  than  black 
or  spruce  beer),  ale,  and  porter. 

(Extent  of  act.)    4.  This  act  shall  not  extend  to  Ireland. 

(Commencement  of  act.)  5.  This  act  shall  come  into  operation  on  the  first  dai/  of  Jan- 
uary, one  thousand  ciyht  hundred  and  eighty -eight. 

This  bill  uaturally  excited  considerable  interest  among  food  analysts, 
to  wliom  Tfould  fall  tbe  duty  of  determining  the  question  that  would 
arise,  under  its  enforcement,  as  to  whether  beers  had  been  made  from 
hop  or  malt  substitutes,  and  a  circular  was  sent  out  by  the  president  of 
the  Society  of  Public  Analysts  to  the  members  of  the  society  drawing 
their  attention  to  the  bill  and  asking  them  to  report  to  the  secretary 
any  information  they  might  have  on  the  points  whether  the  substances 
used  as  substitutes  for  hops  could  be  detected  and  identified  with  cer- 
tainty by  chemical  analysis,  and  what  opinion,  if  any,  they  might  have 
as  to  the  effect  on  health  of  habitual  small  doses  of  such  hop  substi- 
tutes.^ 

This  circular  called  forth  a  few  responses,  among  them  the  following- 
paper  by  Mr.  Allen :  ^ 

AN  IMPROVED  METHOD  OF  DETECTING   QUASSIA  AND  CERTAIN   OTHER 
HOP  SUBSTITUTES  IN  BEER. 

[Read  at  the  meeting  in  May,  18-7.] 

Hitherto  the  detection  of  hop  substitutes  in  beer  has  had  for  English  analysts  little 
more  than  an  academic  interest.  There  has  been  no  definition  of  beer,  nor  standard  of 
strength  or  quality,  and  hence  the  brewer  has  been  free  to  employ  any  hop  substi- 
tute that  could  fairly  be  regarded  as  non-injurious.  Now,  however,  that  there  are 
two  bills  before  Parliament,  both  of  which  aim  at  rendering  the  employment  of  hop 
substitutes  illegal,  unless  duly  acknowledged,  the  questiou  has  acquired  considerable 
practical  importance.  If  the  bills  in  question  ever  become  law,  it  will  devolve  on 
the  public  analyst  to  certify  to  the  presence  or  absence  of  hop  substitutes,  but,  as 
was  recently  i^ointed  out  by  the  chancellor  of  the  exchequer  to  a  deputation  which 
waited  on  him,  it  would  be  of  no  use  to  pass  an  act  forbidding  the  unacknowledged 
use  of  hop  substitutes  unless  it  was  jiossible  to  detect  infringement  of  the  law. 
Hence  it  has  become  important  for  public  analysts  to  see  how  far  the  more  important 
hop  substitutes  can  be  definitely  detected  in  beer,  or  at  any  rate  distinguished  from 
hops. 

The  problem  in  questiou  is  by  no  means  a  simple  one.  Beer  itself  is  a  highly  com- 
plex aud  variable  product,  and  some  of  the  normal  constituents  add  to  the  difficulty 
of  detecting  hop  substitutes.  The  problem  is  further  complicated  by  the  possible 
presence  of  several  substitutes  simultaneously,  together  with  actual  hops.  Then  the 
bitter  principles  to  which  the  hop  substitutes  owe  their  employment  have  in  some 
cases  been  very  imj)erfectly  studied,  aud  belong  to  a  class  of  bodies  by  no  means  dis- 
tinguished for  strong  chemical  affinities  or  for  characteristic  reactions.     In  fact,  the 

1  Analyst  1887,  p.  79.  -Ibid.,  p.  :07. 
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most  general  and  strikiDg  property  of  the  majority  of  liop  substitutes  is  the  inteusity 
of  their  hitter  taste,  a  character  which  materially  increases  the  difficulty  of  detecting 
them,  owing  to  the  very  moderate  amount  emi^loyed  to  give  the  beer  the  desired 
flavor.  There  is  one  other  complication  of  practical  importance,  and  that  is  tlie  very 
considerable  quantity  of  beer  nsnally  recommended  to  be  used  for  the  analysis. 
Thus,  if  two  liters  be  used  for  the  main  examination,  as  is  recommended  by  Dragen- 
dorff,  at  least  twice  that  quantity  should  be  submitted  to  the  analyst,  and  hence 
twelve  liters  would  have  to  be  purchased.  The  necessity  of  j)urchasiug  so  large  a 
quantity  as  two  and  a  half  gallons  of  each  beer  would  almost  certainly  render  the  act 
abortive. 

In  looking  into  the  question,  therefore,  I  have  aimed  at  reducing  the  amount  of 
beer  employed  as  low  as  possible. 

In  the  last  number  of  the  Analyst  I  gave  a  list  of  references  to  articles  in  English 
periodicals,  &c.,  connected  with  detection  of  hop  substitutes  in  beer.  These  I  have 
carefully  studied,  and  they  have  formed  the  foundation  of  the  following  statements 
and  proposals : 

Dragendorff,  who  has  published  a  very  elaborate  method  for  the  recognition  of  a 
large  number  of  possible  hop  substitutes  (Jour.  Chem.  See,  XXYII,  818;  XLII,  103), 
operates  on  two  liters  of  beer,  precipitates  the  concentrated  liquid  with  basic  acetate 
of  lead,  further  concentrates  the  filtrate  and  adds  a  large  volume  (1,000  to  l,200cc.)of 
absolute  alcohol.  The  spirit  is  subsequently  driven  off,  and  the  various  principles 
extracted  by  a  systematic  employment  of  immiscible  solvents. 

Wittstein  (Jour.  Chem.  Soc,  XXIX,  767)  operates  in  a  similar 'manner,  but  works 
on  one  liter,  and  omits  the  treatment  with  acetate  of  lead,  as  indeed  did  Dragendorff 
ill  Ms  older  method.  In  the  method  described  by  me  in  my  Commercial  Organic 
Analysis  (Vol.  I,  page  97),  based  on  a  process  of  Ender's,  one  liter  of  beer  is  employed, 
the  concentrated  liquid  is  treated  with  alcohol,  the  filtrate  precipitated  with  ether, 
and  the  filtered  liquid  evaporated,  the  residue  redissolved  in  alcohol,  treated  with 
water,  and  the  solution  precipitated  with  acetate  of  lead. 

Several  of  the  writers  on  the  subject  state  that  on  precipitating  a  beer  with  basic 
acetate  of  lead  the  hop-bitter  is  wholly  precipitated,  and  hence,  if  the  concentrated 
filtrate  still  have  a  bitter  taste,  the  presence  of  some  hop  substitute  is  certain.^ 

This  difference  seemed  to  me  so  important  that  I  have  very  carefully  investigated  it, 
and  find  it  perfectly  in  accordance  with  the  fact.  I  prefer,  however,  to  employ  neutral 
acetate  of  lead  instead  of  the  basic  or  ammoniacal  acetate,  as  the  latter  reagents  are 
liable  to  precipitate  certain  bitter  principles  not  removed  by  the  first.  On  the  other 
hand,  the  hop-bitter  is  very  perfectly  precipitated  by  neutral  lead  acetate,  and  this 
statement  is  equally  true  of  an  infusion  of  hops  purj)osely  prepared  and  of  a  beer  in 
which  hops  is  the  sole  bitter  used  ;  but  I  have  some  reason  to  think  that  basic  acetate 
of  lead  is  liable  to  effect  a  less  perfect  separation  of  the  hop-bitter. 

In  attempting  to  improve  these  processes  I  have  endeavored  to  dispense  with  the 
use  of  alcohol,  and  yet  separate  the  bitter  principles  from  the  sugar  and  other  bodies 
which  disguise  the  bitter  taste  and  interfere  with  application  of  chemical. tests,  and 
find  that  a  very  satisfactory  product  for  further  treatment  can  be  obtained  by  the  fol- 
lowing simple  method : 

One  liter  of  the  beer  is  evaporated  to  about  300cc.  and  is  then  precipitated,  while  hot, 
with  a  solution  of  neutral  acetate  of  lead.  The  precipitate  is  filtered  off,  the  filtrate 
allowed  to  become  cool,  and  any  further  precipitate  is  also  removed.  The  excess  of 
lead  is  then  removed  from  the  filtrate  by  sulphuretted  hydrogen,  and  the  liquid  fil- 

1  This  distinction  between  the  bitter  principles  of  hops  and  hop  substitutes  is  re- 
ferred to  in  the  work  entitled  Chemistry  Applied  to  the  Arts  and  Manufactures,  edited 
by  Chas.  Yincent,  and  often  described  as  the  New  Edition  of  Muspratt's  Chemistry. 
The  process  is  also  described  in  Wynter  Blyth's  work  on  the  Analysis  of  Food,  and 
forms  an  essential  part  of  Ender's  method  of  detecting  bitter  substances,  so  that  there 
is  a  very  general  consensus  of  opinion  as  to  the  value  of  the  test. 
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tered  and  further  concentrated  to  about  150cc.  I  prefer  sulphuretted  hydrogen  to 
sulphuric  acid  or  a  sulphate,  as  the  lead  sulphide  seems  to  carry  dowu  a  notable 
quantity  of  coloring  matter. 

The  treatment  with  lead  acetate  removes  all  tannin,  phosphates,  &c.,  and  the  hop- 
resin  andluimlin  are  also  eompUtelij  lyrecipitaied,  ivhile  all  or  nearly  all  hop  substitutes  re- 
main in  solution. 

The  next  object  is  to  separate  the  sugar,  dextrin,  and  mineral  constituents  of  the 
beer  as  perfectly  as  possible  from  the  active  principles  of  the  various  hop  substitutes. 
Instead  of  precipitating  the  carbo-hydrates,  &c.,  by  e'xcess  of  strong  alcohol,  I  pre- 
fer to  remove  the  bitters  from  the  aqueous  liquid  itself  by  agitation  with  suitable  im- 
miscible solvents. 

The  object  being  to  extract  as  many  active  principles  as  possible  in  the  simplest 
possible  way,  leaving  their  mutual  separation  and  recognition  for  farther  considera- 
tion, I  employ  chloroform  as  having  the  most  general  solvent  action.  It  separates 
with  tolerable  ease  from  the  aqueous  liquid,  and  should  be  employed  as  long  as  it 
leaves  a  notably  bitter  residue  on  evaporation.  In  many  of  my  experiments  I  relitd 
on  the  traces  of  lactic  and  other  acids  naturally  present  in  beer  to  produce  the  requi- 
site degree  of  acidity,  but  I  am  now  of  opinion  that  the  addition  of  a  little  diliUe 
sulphuric  acid  is  advantageous,  if  not  actually  necessary,  in  some  cases.  The  extrac- 
tion with  chloroform  being  complete,  ether  should  next  be  used,  the  treatment  be- 
ing repeated  as  long  as  any  notably  bitter  principle  is  extracted.  Finally,  the  aque- 
ous liquid  is  rendered  alkaline  with  ammonia,  and  agitated  with  chloroform  or  ether- 
chloroform,  to  extract  any  alkaloids. 

The  following  arrangement  shows  the  behavior  of  the  more  important  bitter  prin- 
ciples when  the  aqueous  liquid  is  agitated  in  succession  with  chloroform,  ether,  and 
ammonia,  and  ether-chloroform.  I  have  personally  verified  the  behavior  of  the  sub- 
stances to  the  names  of  which  asterisks  are  attached. 

(1)  Extracted  by  chloroform  from  acid  solutions: 

Absinthin  (wormwood). 
'Anthemiu  (chamomiles). 
Colchicine  (colchicum),  imperfectly. 

*  Colocynthin  (colocynth,  or  bitter  apple),  imperfectly. 

"  Calumbin,  and  probably  some  berberine  (calumba),  bright  yellow  and  highly 
fluorescent. 

*  Gentipicrin  (gentian),  very  imperfectly. 

*  Picric  acid  (artificial),  yellow,  imperfectly. 
Picrotoxin  {cocculus  iudiais'),  with  difficulty. 

*  Quassiin  (quassia  wood). 

(2)  Subsequently  extracted  by  ether  from  acid  solutions  : 

*  Chiratin  (chiretta). 

*  Colocynthin  (colocynth,  or  bitter  apple). 

*  Gentipicrin  (gentian). 
Picric  acid,  yellow. 
Picrotoxin  {cocculus  indicus). 

(3)  Subsequently  extracted  by  ether-chloroform  from  alkaline  solutions: 

*  Berberine  (calumba  root). 
Colchicine  (colchicum.) 

By  evaporating  off  the  solvent,  warming  the  residue  with  a  little  alcohol,  and  then 
adding  water,  solutions  are  obtained  which  will  be  bitter  if  any  of  the  above  sub- 
stances be  present.  A  very  small  quantity  of  the  substance  is  required  for  this  test ; 
indeed,  the  use  of  too  large  an  amount  must  be  carefully  avoided  or  the  sense  of  taste 
will  be  found  to  be  wholly  paralyzed  for  the  remainder  of  the  day  at  any  rate. 

It  will  be  seen  that  chloroform  or  ether  extracts  from  acidulated  aqueous  liquids 
almost  the  whole  of  the  above  bitters.  The  subsequent  treatment  with  ether- 
chloroform  in  alkaline  solution  is  usually  unnecessary,  as  the  principles  of  calumba  and 
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colchicura  are  ia  part  extracted  by  acid  cliloroform.  Seeing  that  the  bitter  piinci- 
ples  of  hops  are  entirely  precipitated  by  neutral  acetate  of  lead,  the  presence  of  some 
Jioj)  substitute  is  absolutehj  certain  if  the  cliloroform  or  ether  residue  has  a  marked  hitter 
taste.  This  can  be  ascertained  in  the  course  of  a  few  hours  by  the  simple  method 
above  indicated,  and  half  a  pint  of  the  beer  is  amply  sufficient  for  the  purpose. 

The  presence  of  a  hop  substitute  being  proved  bj-  the  marked  bitter  taste  of  the 
chloroform  or  ether  extract  it  ^vill  of  course  be  very  desirable  to  ascertain  its  nature, 
and  in  some  important  cases  this  can  fortunately  be  effected  very  satisfactorily.  In 
others  we  may  exx')ect  future  investigation  to  afford  the  necessary  assistance. 

I  have  made  special  endeavors  to  ascertain  the  possibility  of  definitely  recognizing 
quassia,  which  is  one  of  the  most  important  of  the  hop  substitutes  actually  employed. 

For  this  purpose  I  prepared  quassiin  in  a  moderately  pure  state  by  exhausting 
quassia  wood  with  hot  water  and  treating  the  decoction  with  acetate  of  lead  and 
chloroform,  in  the  manner  recommended  for  beer.  The  quassiin  was  obtained  with 
some  difficulty  in  a  distinctly  crystalline  state  and  otherwise  it  presented  a  close  gen- 
eral resemblance  to  the  description  of  it  given  by  other  observers.  The  following 
characters  and  tests  were  sx)ecially  verified  : 

Quassiin  is  intensely  and  persistently  bitter,  sparingly  soluble  in  cold  water,  more 
readily  in  hot,  and  easily  soluble  in  alcohol.  Its  best  solvent  is  chloroform,  which 
extracts  it  readily  from  acidulated  solutions. 

An  aqueous  solution  of  quassiin  does  not  reduce  Fehling's  solution,  or  ammonio- 
nitrate  of  silver.  The  solid  substance  gives  no  coloration  (or  merely  yellow)  when 
treated  with  strong  sulphuric  acid  or  with  nitric  acid  of  1.  2.5  specific  gravity,  nor  is 
any  color  produced  on  warming.  These  four  negative  reactions  are  important,  for 
picrotoxin  reduces  Fehling's  solution  and  gives  an  orange-red  color  with  sulphuric 
acid ;  gentinicrin  and  menyanthin  reduce  ammonio-nitrate  of  silver,  and  the  former 
gives  a  red  color  and  the  latter  a  yellowish  brown,  changing  to  violet  red  when 
warmed  with  sulphuric  acid,  and  other  bitters  mostly  give  more  or  less  characteristic 
reactions. 

A  solution  of  quassiin  gives  a  white  precipitate  with  tannin.  The  reaction  is  used 
by  Christenseu,  Oliveri,  and  others  to  isolate  quassiin  from  its  solutions,  and  by  En- 
ders  to  separate  it  from  picrotoxin.  In  my  hands  the  reaction  has  not  proved  satis- 
factory. The  liquid  is  very  difficult  to  filter  and  the  filtrate  still  retains  an  intensely 
bitter  taste,  showing  that  the  precipitation  is  very  incomplete.  As  an  analytical 
method  the  reaction  is  useless,  but  it  is  of  some  value  as  a  qualitative  test.^  The  test 
must  be  made  in  a  cold  solution. 

Quassiin  gives  a  brown  coloration  with  ferric  chloride.  The  reaction  is  best  ob- 
served by  moistening  a  quassiin  residue  in  porcelain  with  a  few  drops  of  a  weak 
alcoholic  solution  of  ferric  chloride,  and  applying  a  gentle  heat.  A  fine  mahogany- 
brown  coloration  is  produced. 

The  most  delicate  and  characteristic  test  for  quassiin  is  based  on  an  observation  of 
Christensen.  On  treating  quassiin  with  bromine  a  derivative  is  obtained,  which  is 
stated  to  be  more  bitter  than  the  original  substance.  On  adding  caustic  soda  the 
bitter  taste  is  said  to  be  destroyed,  out  a  product  of  a  fine  yellow  color  is  obtained. 
T  am  unable  to  confirm  the  destruction  of  the  bitter  taste,  at  least  entirely,  but  the 
coloration  is  marked  and  characteristic. 

The  following  is  the  best  way  of  applying  the  test ;  The  substance  to  be  tested  for 
quassiin  is  dissolved  in  a  little  chloroform,  or  if  a  liquid  is  agitated  with  chloroform, 
and  the  aqueous  layer  separated.  The  chloroformic  solution  is  then  treated  with 
bromine  water  until  the  yellow  color  remains  after  agitation,  showing  that  the  bro- 
mine has  been  used  in  slight  excess.  The  aqueous  liquid  is  then  removed  (or  if  small 
in  volume  may  be  neglected),  and  the  chloroform  agitated  with  ammonia.  This  pro- 
duces immediate  destruction  of  the  color  due  to  the  bromine,  and  if  quassiin  be  ab- 

^  Possibly  more  complete  precipitation  of  quassiin  by  tannin  could  be  effected  in  an 
alcoholic  solution. 
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sent  Ijotli  the  cliloroform  and  ammouiacal  liquid  will  be  colorless.  In  presence  cf 
qnassiin  the  ammonia  will  be  colored  a  briglit  yellow. 

The  chloroform  residues  from  camomiles,  calumba,  colocynth,  cocculas,  and  clii- 
retta  do  not  give  any  similar  reactions  with  bromine  and  ammonia.  The  ether  residue 
from  chiretta  gives  a  straw-jellow  coloration,  gradually  changing  to  a  dull  purplish 
brown,  but  the  fact  that  no  such,  reaction  yielded  by  the  chloroform  solution  of 
the  drug  renders  confusion  with,  quassia  impossible.  Picric  acid  yields  a  solution  in 
chloroform  which  is  but  slightly  colored  compared  with  the  deep-yellow  liquid  pro- 
duced on  subsequent  agitation  with  ammonia;  but  if  its  presence  be  suspected  it 
can  be  readily  and  completely  removed  by  agitating  the  chloroformic  solution  with 
soda  or  ammonia,  and  separating  the  alkaline  liquid  before  employing  bromine. 

With  a  view  of  ascertaining  how  far  the  foregoing  reactions  of  qnassiin  were 
likely  to  be  of  service  in  practice  I  added  to  one  liter  of  a  mild  beer,  which  had  been 
previously  proved  to  yield  no  bitter  principle  to  chloroform  after  treatment  with  ace- 
tate of  lead,  sufficient  infusion  of  quassia  to  make  a  perceptible  difference  in  the 
flavor.  The  liquid  was  concentrated,  precipitated  Avith  neutral  lead  acetate,  the 
filtrate  treated  with  sulphuretted  hydrogen,  and  the  refiltered  liquid  further  concen- 
trated and  agitated  with  chloroform.  On  evaporating  the  chloroform  a  residue  was 
obtained  which  had  an  intensely  bitter  taste,  and  yielded  a  solution  which  gave  a 
white  jDrecipitate  with  tannin,  but  did  not  reduce  ammouio-nitrate  of  silver.  The 
residue  gave  no  color  on  warming  with  concentrated  sulphuric  acid,  but  gave  a  well- 
developed  mahogany-brown  color  with  ferric  chloride.  B\'  the  bromine  and  am- 
monia test  it  gave  a  strong  yellow  coloration. 

The  amount  of  residue  obtained  would  have  sufficed  to  obtain  all  these  reactions 
several  times,  so  that  it  may  be  considered  established  that  quassia  can  he  defected  n-iih 
certainty  and  facility  in  a  moderate  quantity  of  beer  containing  it. 

The  employment  of  c/if're^to  as  a  hop  substitute  has  been  repeatedly  recorded  by 
previous  observers,  but  no  tests  are  given  for  it  by  Dragendorff  or  others  who  haA'c 
worked  on  the  subject.  I  found  it  in  quantity  in  two  hop  substitutes  I  recently  ex- 
amined, and  suspect  its  presence  in  a  third.  The  active  principle  (chiratin,  C:5H4sOi5) 
is  intensely  bitter,  sparingly  soluble  in  cold  water,  rather  more  so  in  hot,  and  is 
readily  dissolved  by  alcohol  and  ether,  the  lattersolvent  readily  removing  it  from  its 
aqueous  solution.  On  the  other  hand,  chloroform  removes  but  little  bitter  principle 
from  an  aqueous  infusion  of  chiretta.  Chiratin  is  a  neutral  substance,  decomposed 
by  dilute  acids  into  ophelic  acid  and  chiratogenin.  It  does  not  reduce  Fehling's  so- 
lution, gives  a  copious  precipitate  with  tannin,  and  is  not  precipitated  by  neutral 
lead  acetate.  The  reaction  of  the  other  residue  from  infusion  of  chirelta  with  bro- 
mine and  ammonia  has  already  been  described. 

It  is  evident  that  our  knowledge  of  the  chemistry  of  the  vegetable  bitters  availa- 
ble as  hoj)  substitutes  is  very  inc  omplete,  and  it  is  only  by  its  further  study  we  can 
hope  to  fully  solve  the  problem  of  their  detection  in  beer.  But  I  believe  we  can 
already  distinguish  with  certainty  and  facility  between  ''hops"  and  "  not  hops," 
and  that  ought  to  suffice  in  many  cases.  When  we  examine  butter  we  are  content 
to  define  the  admixture  as  '^  foreign  fat,'^  and  we  make  no  attempt  to  specify  the 
exact  nature  or  origin  of  the  foreign  fat  employed.  I  submit  that  we  are  fully  able 
to  take  a  similar  j)osition  with  respect  to  hops  and  hop  substitutes. 

The  followiug  are  some  of  the  remarks  made  Id  the  discussion  of  this 
l)aper  :^ 

Dr.  Adams  said  that  he  worked  on  the  question  of  hop  substitutes  some  ten  or 
twelve  years  ago,  and  he  found  no  difficulty  in  distinguishing  between  the  bitter  of 
hop  and  the  substitutes  used  for  it.  The  method  he  found  most  useful  was  the  pre- 
cipitation by  subacetate  of  lead,  and  there  was  no  difficulty  at  all  with  the  ordinary 
bitters  such  as  quassia,  calumba,  gentian,  chiretta,  and  wormwood,  all  remaining  in 

-Ibid.,  p.  114. 
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solution,  ^vliilst  the  bitter  of  nop,  and  also  the  hitter  of  the  camomile,  which  behaves 
like  the  hop,  goes  down  and  leaves  the  solution  bitterless.  He  had  specimens  of  all  the 
hop  substitutes  in  use  iu  England  at  that  time,  aad  without  a  single  exception  the 
solution  remained  bitter  after  treatment  with  the  subacetate  of  lead. 

After  having  separated  the  filtrate  and  evaporated  it  down,  there  was  no  difficulty 
in  detecting  the  bitter ;  but  he  did  not  think  there  was  any  possibility  of  distinguish- 
ing between  the  individual  bitters,  considering  the  minute  quantity  present,  and  one 
could  only  positively  say  there  was  another  bitter  present  besides  that  of  the  hop. 

Dr.  Muter  said  that,  with  regard  to  the  question  of  the  detection  of  bitters  in  beer,  he 
would  say  at  once  that  he  did  not  quite  share  the  president's  views  as  to  there  being 
no  difficulty  in  detecting  and  identifying  theui.  It  was  a  subject  that  he  had  worked 
at  in  former  years  iu  connection  with  his  book  on  materia  medica.  He  had  made 
numerous  experiments  himself,  and  he  had  repeated  many  of  the  published  experi- 
ments and  he  could  prognosticate  that,  as  the  president  went  along,  he  would  meet 
with  several  published  reactions  which  were  partially  incorrect  and  j)erfcctly  mis- 
leading. Although  a  few  bitters  would  be  found  to  be  comparatively  easy  of  detec- 
tion— quassia,  for  instance,  was  a  bitter  which  spoke  very  much  for  itself — many  of 
them  were,  to  a  great  extent,  involved  in  difficulty  and  obscurity  at  the  present  time. 
There  was  no  branch  of  chemistry  that  so  much  undesirable  matter  had  been,  pub- 
lished about  as  that  relating  to  materia  medica,  and  many  of  the  older  researches  were 
incorrect.  No  doubt  one  cause  of  this  was  that  nowadays  they  had  much  better 
analytical  appliances  than  the  men  who  made  these  experiments.  He  did  not  for  a 
moment  mean  to  say  that  they  were  now  cleverer  than  past  observers,  but,  for  in- 
stance, they  could  not  wash. lead  and  other  similar  intractable  precipitates  in  former 
days  as  one  could  now  do  by  the  aid  of  the  filter  pump,  and  the  color  reactions  for 
more  than  one  proximate  principle,  which  were  given  in  books,  were  really  not  due 
to  the  principle  at  all,  but  to  the  traces  of  reagents  and  other  matters  that  remained 
with  them  owing  to  the  imperfect  washing,  which  was  almost  certain  to  occur  before 
the  days  of  filter  pumps.  He  was  afraid  that  until  the  president  and  others  who 
might  take  the  subject  up  had  had  time  to  work  it  out  by  the  aid  of  modern  appli- 
ances it  would  be  going  too  far  to  say  they  could  swear  positively  that  a  sample  con- 
tained no  hop  substitute. 

Mr.  Allen  said  he  thought  they  could  tell  whether  it  contained  hop  or  a  substitute 
for  hops. 

Dr.  Muter  then  said  in  that  case  how  would  they  get  on  iu  cross-examination,  see- 
ing that  they  could  not  name  the  substitute  ?  He  did  not  remember  how  he  first  be- 
came acquainted  with  the  lead  process,  but  he  believed  that  he  could  put  his  hands  ou 
it  now.  It  must  be  quite  thirteen  or  fourteen  years  ago  since  it  was  first  published. 
Immediately  it  was  brought  out  he  had  made  experiments  upon  it,  working  on  large 
quantities.  Since  that  there  had  really  been  no  other  process  that  he  knew  of.  He 
himself  had  used  a  process  very  similar  to  that  mentioned,  viz,  precipitation  with 
subacetate  of  lead,  siphoning  otf  the  clear  liquor  after  settlement,  removing  the  ex- 
cess of  lead  from  this  liquid,  concentrating  and  tasting,  and  then  extracting  with 
immiscible  solvents. 

Now  came  a  difficulty  wli^ch  shook  his  faith  in  his  powers  as  an  analyst  as  regards 
hop  substitutes.  He  had  always  believed  in  the  process — from  practicing  upon  beer 
with  various  added  bitters — until  some  time  ago  he  got  a  beer  which  he  was  privately 
assured  by  the  maker  to  have  no  bitter  other  than  hops.  This  sample  he  put  through 
the  process  and  he  got  a  bitter  out  of  that  beer  with  chloroform  after  lead.  He 
worked  on  a  fairly  large  quantity,  but  the  process  here  showed  bitters  other  than 
hop,  although  he  was  assured  that  the  sample  represented  as  pure  a  beer  as  could  pos- 
sibly be  obtained.  Another  difficulty  was  the  quantity  they  might  hav3  to  work  on. 
Supposing  an  inspector  brought  them  one-balf  or  one-third  of  a  pint,  where  was  the 
process  they  could  use  ?  He  had  put  bitters  in  the  beer  and  worked  on  such  quanti- 
ties and  failed  to  find  them.     In  a  case  he  knew  of  some  time  ago  there  was  some 
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difficulty  about  some  strychnine  tliat  was  put  in  beer ;  he  was  aware  of  the  very  small 
quantity  that  had  been  put  in,  because  the  chemist  who  had  been  stupid  enough  to 
lend  himself  to  such  a  transaction  had  informed  him  of  it.  He  made  up  some  beer 
and  divided  it  into  two  portions,  tried  for  extraueous  bitters  in  one  portion  by  the 
regular  beer  way  and  there  was  not  a  sign  of  it ;  he  then  tried  the  other  portion  with 
a  special  toxicological  j)rocess  for  strychnine  and  found  it.  He  had,  even  then,  to  use 
eight  ounces  of  the  beer  for  this  purpose,  to  get  a  really  satisfactory  ordinary  reac- 
tion. In  the  present  state  of  chemical  knowledge  it  would  not  be,  in  his  opinion 
safe  to  say  they  could  detect  any  amount  of  added  bitters  to  beer,  however  small,  and 
go  to  the  length  of  naming  those  bitters  on  the  quantity  they  would  have  usually 
brought  to  them  by  an  inspector.  With  a  gallon  of  beer  and  an  unlimited  fee  cover- 
iog  many  days'  work  they  might,  however,  be  able  to  do  something  satisfactory  to- 
wards it. 

Mr.  Allen,  in  reply :  If  he  had  an  insufficient  quantity  of  any  sample,  he  certified 
that  the  quantity  was  insufficient  for  him  to  form  an  opinion. 

He  understood  Mr.  Norton  to  consider  it  of  great  importance  that  they  should  be 
able  to  distinguish  between  ''hops"  on  the  one  side  and  "not  hops"  on  the  other; 
this,  he  believed,  could  be  done  with  certainty,  ease,  and  on  a  very  moderate  quan- 
tity of  beer.  As  to  the  identification  of  the  various  hop  substitutes  he  did  not  pro- 
fess to  be  able  to  distinguish  all,  but  he  thought  he  could  already  positively  recognize 
calamba,  qaassia,  colocynth,  and  some  other  bitters,  including  picric  acid  and  picro- 
toxin,  and  if  the  matter  became  important  he  believed  in  a  year  or  two  public  ana- 
lysts would  have  devised  methods  for  the  detection  of  the  other  bitters,  just  as  they 
had  conquered  other  analytical  difficulties  when  the  occasion  arose. 

From  the  above  it  would  appear  that  the  lead  method,  which  I  em- 
ployed, is  considered  by  the  English  analysts  as  capable  of  deciding 
whether  substitutes  for  hops  have  been  used. 

No  action  seems  to  have  been  taken  as  yet  on  the  question  of  malt 
substitutes. 
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As  frequent  references  have  been  made  in  the  body  of  the  Bulletin 
to  methods  of  anal^^ses  and  manner  of  judging  adapted  by  European 
chemist  for  beer  and  wine,  I  have  thought  it  proper  to  give  some  of 
these  methods  complete.  They  represent  the  conclusions  of  chemists 
who  have  devoted  their  lives  to  the  stud}^  of  this  branch  of  work,  and 
may  very  properly  be  taken  as  a  guide  by  those  of  us  who  have  occa- 
sion to  follow  the  same  line  of  work  in  this  country,  where  beer  and 
wine  analysis  has  as  yet  had  little  application. 

The  translation  has  been  made  as  literal  as  possible. 

The  following  are  the  methods  adopted  by  the  Berlin  Commission:' 

A  commission  of  experts,  appointed  in  the  year  1834  by  tlie  cliaucellor  of  the  Empire, 
to  which  was  iutrnstecl  the  establisliment  of  uniform  methods  for  the  chemical  inves- 
tigation of  wine,  adopted  the  following  resolutions,  which  were  made  public  by  tho 
Prussian  minister  for  commerce  and  trade  by  a  decree  of  the  l"2th  August,  1834,  which 
provides  that  they  shall  be  rigidly  adhered  to  in  public  institutions  for  the  exami- 
nation of  food-stuffs,  and  are  recommended  to  the  representatives  of  like  private  con- 
cerns : 


RESOLUTIOXS    OF     THE     COMMISSION    FOR     ESTABLISHING     UNIFORM 
METHODS  FOR  THE  ANALYSIS  OF  WINES. 

Since,  in  consequence  of  improper  manner  of  taking,  keeping,  and  sending  in  of 
samples  of  wine  for  investigation  by  the  authorities,  a  decomposition  or  change  in  the 
lattt-r  often  occurs,  the  commission  considers  it  advisable  to  give  the  following  in- 
structions : 

INSTRUCTI0X8   FOK  SAMPLING,   PRESERVING,   AND   SENDING  IN  OF   SAMPLES   OF   WINE 
FOR  EXAMINATION   BY  THE   AUTHORITIES. 

(1)  Of  each  sample,  at  least  one  bottle  (f  liter),  as  well  filled  as  possible,  must  be 
taken. 

(2)  The  bottles  and  corks  used  must  be  perfectly  clean ;  the  best  are  new  bottles 
and  corks.  Pitchers  or  opaque  bottles  in  which  the  presence  of  impurities  cannot  be 
seen  are  not  to  be  used. 

(3)  Each  bottle  shall  be  provided  with  a  label,  gummed  (not  tied)  on,  upon  which 
shall  be  given  the  index  number  of  the  sample  corresponding  to  a  description  of  it. 

(4)  The  samples  are  to  be  sent  to  the  chemical  laboratory  as  soon  as  possible  to 
avoid  any  chance  of  alteration  which,  under  some  circumstances,  can  take  place  in  a 
very  siiort  time.  If  they  are,  for  some  special  reason,  retained  in  any  other  place  for 
any  length  of  time,  the  bortles  are  to  be  placed  in  a  cellar  and  kept  lying  on  their 
sides. 

^Das  Gesetz  betreffend  den  Yerkehr  mit  Nahrungsmittel,  u.  s.  w.,  p.  184. 
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(a)  If  in  samples  of  wine  taken  from  any  business  concf  rn  adulteration  is  shown, 
a  bottle  of  the  water  is  to  be  taken  which  was  presumably  used  in  the  adulteration. 

(6)  Ifc  is  advisable,  in  many  cases  necessarj^  that,  together  with  the  wine,  a  copy 
of  these  resolutions  be  sent  to  the  chemist. 

A. — Analytical  methods. 

Specific  grarity. — In  this  determination  use  is  to  be  made  of  a  picnometer,  or  a 
Westphal  balance  controlled  by  a  picnometer.     Temperature  15°  C. 

Alcohol. — The  alcohol  is  estimated  in  50-lOOcc.  of  the  wine  by  the  distillation  method. 
The  amount  of  alcohol  is  to  be  given  in  the  following  way  :  In  lOOcc.  wine  at  15°  C. 
are  contained  n  grams  alcohol.  For  the  calculation  the  tables  of  Baumhauer  orHeb- 
ner  are  used. 

(The  amounts  of  all  the  other  constituents  are  also  to  be  given  in  this  way  ;  in 
lOOcc.  wine  at  15°  C.  are  contained  n  grams.) 

Extract. — For  this  estimation  oOcc.  of  wine,  measured  out  at  15°  C,  are  evaporated 
on  the  water  bath  in  a  platinum  dish  (85mm.  in  diameter,  20mra.  in  height,  and75cc. 
capacity,  weight  about  20  grams),  and  the  residue  heated  for  two  and  one-half  hours 
in  a  water  jacket.  Of  wines  rich  in  sugar  (that  is,  wines  containing  over  0.5  grams 
of  sugar  in  lOOcc.)  a  smaller  quantity,  with  corresponding  dilution,  is  taken  so  that 
1  or  at  the  most  1.5  grams  extract  are  weighed. 

Glycerine. — One  hundred  cubic  centimeters  of  wine  (for  sweet  wines  see  below)  are 
evaporated  in  a  roomy,  not  too  shallow,  x)orcelain  dish  to  about  lOcc,  a  little  sand 
added,  and  milk  of  lime  to  a  strong  alkaline  reaction,  and  the  whole  brought  nearly 
to  dryness.  The  residue  is  extracted  with  50cc.  of  96  per  cent,  alcohol  on  the  water 
bath,  with  frequent  stirring.  The  solution  is  poured  off  through  a  filter,  and  the 
residue  exhausted  by  treatment  with  small  quantities  of  alcohol.  For  this  50  to  lOOcc. 
are  generally  sufficient,  so  that  the  entire  filtrate  measures  100-200cc.  The  alcoholic 
solution  is  evaporated  on  the  water  bath  to  a  sirupy  consistence.  (The  principal  part 
of  the  alcohol  may  be  distilled  off  if  desired. )  The  residue  is  taken  up  by  lOcc.  of 
absolute  alcohol,  mixed  in  a  stoppered  flask  with  15cc.  of  ether  and  allowed  to  stand 
until  clear,  when  the  clear  liquid  is  poured  off  into  a  glass  stoppered  weighing  glass, 
filtering  the  last  portions  of  the  solution.  The  solution  is  then  evaporated  in  the 
weighing  glass  until  the  residue  no  longer  flows  readily,  after  which  it  is  dried  an 
hour  longer  in  a  water  jacket.     After  cooling  it  is  weighed. 

In  the  case  of  sweet  wines  (over  0.5  grams  sugar  in  lOOcc.)  50cc.  are  taken  in  a 
good  sized  flask,  some  sand  added,  and  a  sufficient  quantity  of  powdered  slack-lime, 
and  heated  with  frequent  shaking  in  the  water  bath.  After  cooling,  lOOcc.  of  96  per 
cent,  alcohol  are  added,  the  precipitate  which  forms  allowed  to  separate,  the  solution 
filtered,  and  the  residue  washed  with  alcohol  of  the  same  strength.  The  alcoholic 
solution  is  evaporated  and  the  residue  treated  as  above. 

Free  acids  (total  quantity  of  the  acid  reacting  constituents  of  the  wine). — These  are 
to  be  estimated  with  a  sufficiently  dilute  normal  solution  of  alkali  (at  least  one-third 
normal  alkali)  in  10  to  20cc.  wine.  If  one-tenth  normal  alkali  is  used  at  least  ]Occ. 
of  wine  should  be  taken  for  titration;  if  one-third  normal,  20cc.  of  wine.  The  drop 
method  {Tapfel  methode),  with  delicate  reagent  paper,  is  recommended  for  the  estab- 
lishment of  the  neutral  point.  Any  considerable  quantities  of  carbonic  acid  in  the 
wine  are  to  be  previously  removed  by  shaking.  Those  ''  free  acids  "  are  to  be  reck- 
oned and  reported  as  tartaric  acid  (C4H6O6). 

Volatile  acids. — These  are  to  be  estimated  by  distillation  in  a  current  of  steam,  and 
not  indirectly,  and  reported  as  acetic  acid  (C2H4O2).  The  amount  of  the  "fixed 
acids"  is  found  by  subtracting  from  the  amount  of  "free  acids"  found,  the  amount  of 
tartaric  acid  corresponding  to  the  "  volatile  acids"  found. 

Bitarlrate  of  potash  and  free  tartaric  acid. — (a)  Qualitative  detection  of  free  tartaric 
acid:  20-30cc.  of  the  wine  are  treated  with  precipitated  and  finely  powdered  bitar- 
trate  of  potash,  shaken  repeatedly,  filtered  off  after  an  hour,  and  2-3  drops  of  a  20 
per  cent,  solution  of  acetate  of  potash  added  to  the  clear  filtrate,  and  the  solution 
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allowed  to  stand  twelve  hours.  The  shaking  and  staudiuo'  of  the  solution  must  take 
place  at  as  nearly  as  possible  the  same  temperature.  If  any  considerable  precipitate 
forms  during  this  time  free  tartaric  acid  is  present,  and  the  estimation  of  it  and  of 
the  bitartrate  of  potash  may  be  necessary, 

(&)  Quantitative  estimation  of  the  bitartrate  of  x^otash  and  free  tartaric  acid  :  In 
two  stoppered  flasks  two  samples  of  20cc.  of  wine  each  are  treated  with  200cc.  ether- 
alcohol  (equal  volumes),  after  adding  to  the  one  flask  2-3  drops  of  a  20  per  cent,  solu- 
tion of  acetate  of  potash.  The  mixtures  are  well  shaken,  and  allowed  to  stand  16-18 
hours  at  alow  temperature  (0  — 10°  C),  theprecix^itate  filtered  off,  washed  with  ether- 
alcohol,  and  titrated.  (The  solution  of  acetate  of  potash  must  be  neutral  or  acid.  The 
addition  of  too  much  acetate  may  cause  the  retention  of  some  bitartrate  in  solution. ) 
It  is  best  on  the  score  of  safety  to  add  to  the  filtrate  from  the  estimation  of  the  total 
tartaric  acid  a  further  portion  of  2  drops  of  acetate  of  potash  to  see  if.  a  further  ])re- 
cipitation  takes  place. 

In  special  cases  the  following  procedure  of  Nessler  and  Barth  may  be  used  as  a  con- 
trol : 

Fifty  cubic  centimeters  of  wine  are  evaporated  to  the  consistency  of  a  thin  sirup 
(best  with  the  addition  of  quartz  sand),  the  residue  brought  into  a  flask  by  means  of 
small  washiugs  of  93  per  cent,  alcohol,  and  with  continual  shaking  more  alcohol  is 
gradually  added,  until  the  entire  quantity  of  alcohol  is  about  lOOcc.  The  flask  and 
contents  are  corked  and  allowed  to  stand  four  hours  in  a  cool  place,  then  filtered,  and 
the  precipitate  washed  with  95  per  cent,  alcohol;  the  filler  paper,  together  with  the 
partlj'  flocculent,  partly  crystalline,  precipitate,  is  returned  to  tlie  flask,  treated  with 
'SlcG.  warm  water,  titrated  after  cooling,  and  the  acidity  reckoned  as  bitartrate.  The 
result  is  sometimes  too  high  if  pectinous  bodies  separate  out  in  small  lumps,  inclosing 
a  small  portion  of  free  acids. 

In  the  alcoholic  filtrate  the  alcohol  is  evaporated,  0.5cc.  of  a  20  per  cent,  potassic 
acetate  solution  added,  which  has  been  acidified  by  a  slight  excess  of  acetic  acid,  and 
thus  the  formation  of  bitartrate  from  the  free  tartaric  acid  in  the  wine  facilitated. 
The  whole  is  now,  like  the  first  residue  of  evaporation,  treated  with  (sand  and;  98 
per  cent,  alcohol,  and  carefully  brought  into  a  flask,  the  volume  of  alcohol  increased 
to  lOOcc,  well  shaken,  corked,  allowed  to  stand  in  a  cold  place  four  hours,  filtered, 
the  precipitate  washed,  dissolved  in  warm  water,  titrated,  and  for  one  equivalent  of 
alkali  two  equivalents  of  tartaric  acid  are  reckoned. 

This  method  for  the  estimation  of  the  free  tartaric  acid  has  the  advantage  over  the 
former  of  being  free  from  all  errors  of  estimation  b^'-  difference.  The  presence  of  con- 
siderable quantities  of  sulphates  impairs  the  accuracy  of  the  method. 

Malic  acid,  SKOcinic  acid,  citric  acid. — Methods  for  the  separation  and  estimation  of 
these  acids  cannot  be  recommenced  at  the  present  time. 

SalicijUc  acid. — For  the  detection  of  this,100cc.  of  wine  are  repeatedly  shaken  out  with 
chloroform,  the  latter  evaporated  and  the  aqueous  solution  of  the  residue  tested  with 
very  dilute  solution  of  ferric  chloride.  For  the  approximately  (|iuiutitative  determi- 
nation it  is  sufficient  to  weigh  the  chloroform  residue,  after  it  has  been  again  recrys- 
tallized  from  chloroform. 

Coloring  matter. — Red  wines  arc  always  to  be  tested  for  coal  tar  colors.  Conclusions 
in  regard  to  the  presence  of  other  foreign  coloring  matters  drawn  from  the  color  of  jire- 
cipitates  and  other  color  reactions  are  only  exceptionally  to  be  regarded  as  safe.  In 
the  search  for  coal  tar  colors  the  shaking  out  of  lOOcc.  of  th3  wiue  with  ether  be- 
fore and  after  its  neutralization  with  ammonia  isracom  neuded.  The  etherial  solutions 
are  to  be  tested  sei^arateh'. 

Tannin. — In  case  a  quantitative  determination  of  tannin  (or  tannin  and  coloring 
matter)  appears  necessary  the  permanganate  method  of  Xeubauer  is  to  be  employed. 
As  a  rule  the  following  cstimaiion  of  the  amount  of  tannin  will  suffice:  The  free 
acids  are  neutralized  to  within  0.5  grams  in  lOOcc.  with  standard  alkali,  if  necessary. 
Then  Ice.  of  40  per  cent,  sodic  acetate  solution  is  added,  and  drop  by  drop  a  10  per 
cent,  solution  of  ferric  chloride,  avoiding  an  excess.     One  drop  of  ferric  chloride  is 
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sutficieut  for  the  precipitation  of  0.05  per  cent,  of  tannin.     (New  wines  are  deprived 
of  the  carbonic  acid  held  in  solution  by  repeated  shaking.) 

Sugar. — The  sugar  should  be  determined  after  the  addition  of  carbonate  of  soda  by 
means  of  Fehling's  solution,  iising  dilute  solutions,  and,  in  wines  rich  in  sugar  (i.  e. 
wines  containing  over  .5  gram  in  lOOcc),  with  observance  of  Soxhlet's  modihcatious, 
and  calculated  as  grape  sugar.  Highly  colored  wines  are  to  be  decolorized  with  ani- 
mal charcoal  if  their  content  of  sugar  is  low,  and  with  acetate  of  lead  and  sodium 
carbonate  if  it  is  high. 

If  the  polarization  indicates  the  presence  of  cane  sugar  (compare  under  polarization) 
the  estimation  is  to  be  repeated  in  the  manner  indicated  after  the  inversion  (heating 
with  hydrochloric  acid)  of  the  solution.  From  the  difference  the  cane  sugar  can  be 
calculated. 

Polarization. — (1)  With  white  wines :  60cc.  of  wine  are  treated  with  3cc.  acetate  of 
lead  solution  in  a  graduated  cylinder,  and  the  precipitate  filtered  oif.  To  30cc.  of  the 
filtrate  is  added  l.occ.  of  a  saturated  solution  of  sodic  carbonate,  filtered  again,  and 
the  filtrate  ^lolarized.     This  gives  a  dilution  of  10 :  11  which  must  be  allowed  for. 

(2)  With  red  wines:  60cc.  wines  are  treated  with  6cc.  acetate  of  lead,  and  to  30cc. 
of  the  filtrate  3cc.  of  the  saturated  solution  of  sodic  carbonate  added,  filtered  again, 
and  polarized.     In  this  way  a  dilution  of  5 : 6  is  obtained. 

The  above  conditions  are  so  arranged  (with  white  and  red  wines)  that  the  last  fil- 
trate suffices  to  fill  the  220mm.  tube  of  the  Wild  polaristrobometer  of  which  the  ca- 
pacity is  about  28cc. 

In  place  of  the  acetate  of  lead  very  small  quantities  of  animal  charcoal  can  be  used. 
In  this  case  an  addition  of  sodic  carbonate  is  not  necessary,  nor  is  the  volume  of  the 
wine  altered.  If  a  portion  of  the  undiluted  wine  220mm.  long  shows  a  higher 
right-handed  rotation  than  0.3^,  Wild,  the  following  procedure  is  necessary  ; 

Two  hundred  and  ten  cubic  centimeters  of  the  wine  are  evaporated  on  the  water 
bath  to  a  thin  sirup,  after  the  addition  of  a  few  drops  of  a  20  j)er  cent,  solution  of 
acetate  of  x^otash.  To  the  residue  is  added  gradually,  with  continual  stirring,  200cc. 
of  90  per  cent,  alcohol.  The  alcoholic  solution,  when  perfectly  clear,  is  poured  oif  or 
filtered  into  a  flask,  and  the  alcohol  distilled  or  evaporated  off  down  to  about  5cc. 
The  residue  is  treated  with  about  15cc.  water  and  a  little  bone  black,  filtered  into 
a  graduated  cylinder,  and  w^ashed  with  water  until  the  filtrate  measures  30cc.  If 
this  shows  on  polarization  a  rotation  of  more  than  -f-0.5'-',  Wild,  the  wine  contains 
the  unfermentable  matter  of  commercial  potato  sugar  (amylin).  If  in  the  estimation 
of  the  sugar  by  Fehling's  solution  more  than  0.3  grams  sugar  in  lOOcc.  was  found, 
the  original  right-rotation  caused  by  the  amylin  maybe  diminished  by  the  left-rotat- 
ing sugar  ;  the  above  precipitation  with  alcohol  is  in  this  case  to  be  undertaken,  even 
when  the  right-rotation  is  less  than  0.3^,  Wild.  The  sugar  is,  however,  first  fermented 
by  the  addition  of  pure  yeast.  With  very  considerable  content  in  ( Fehling's  solution) 
reducing  sugar  and  proportionally  small  left-rotation,  the  diminishing  of  the  left-rota- 
tion may  be  brought  about  by  cane  sugar  or  dextrin  or  amylin.  For  the  detection 
of  the  first  the  wine  is  inverted  by  heating  with  hydrochloric  acid  (to  50cc.  wine,  5cc. 
dilute  hydrochloric  acid  of  specific  gravity  1.10),  and  again  polarized.  If  the  left- 
rotation  has  increased,  the  presence  of  cane  sugar  is  demonstrated.  The  presence  of 
dextrin  is  shown  as  given  in  the  section  on  "  gum."  In  case  cane  sugar  is  present 
well  washed  yeast,  as  pure  as  possible,  should  be  added,  and  the  wine  polarized  after 
fermentation  is  complete.  The  conclusions  are  then  the  same  as  with  the  wines  poor 
in  sugar. 

For  polarization  only  large,  exact  instruments  are  to  be  used. 

The  rotation  is  to  be  calculated  in  degrees  Wild  according  to  Landolt  (Zeitschr. 
f.  analyt.  Chemie,  7.  9): 

lo  Wild        =  4.6043°  Soleil. 
1°  Soleil      =  0.217189°  Wild. 
1°  Wild       =  2.89005°  Ventzke. 
1°  Ventzke  ^  0.346015°  Wild, 
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Gum  (arable). — For  esfcablisbiug  the  addition  of  any  considerable  quantities  of  gum 
4cc.  wine  are  treated  with  lOcc.  of  9G  per  cent,  alcohol.  If  gum  is  present,  the 
mixture  becomes  milky,  and  only  clears  up  again  after  several  hours.  The  precipi- 
tate which  occurs  adheres  partly  to  the  sides  of  the  tube,  and  forms  hard  lumps.  In 
genuine  wine  flakes  appear  after  a  short  time,  which  soon  settle,  and  remain  some- 
what loose.  For  a  more  exact  test  it  is  recommended  to  evaporate  the  wine  to  the 
consistency  of  a  sirup,  extract  with  alcohol  of  the  strength  given  above,  and  dissolve 
the  insoluble  residue  in  water.  This  solution  is  treated  with  some  hydrochloric  acid 
(of  specific  gravity  1.10)  heated  under  pressure  two  hours,  and  the  reducing  power 
ascertained  with  Fehling's  solution,  and  calculated  to  dextrose.  In  genuine  wines 
no  considerable  reduction  is  obtained  in  this  way.  (Dextrin  is  to  be  detected  in 
the  same  way.) 

Mannite. — As  the  presence  of  mannite  in  wines  has  been  observed  in  a  few  cases,  it 
should  be  considered  when  pointed  crystals  make  their  appearance  in  the  extract  or 
the  glycerine. 

Nitrogen. — In  the  estimation  of  nitrogen  the  soda-lime  method  is  to  be  used. 

Mineral  malters. — For  their  estimation  50cc.  of  wine  are  used.  If  the  incineration 
is  incomplete,  the  charcoal  is  leached  with  some  water,  and  burned  by  itself.  The 
solution  is  evaporated  in  the  same  dish,  and  the  entire  ash  gently  ignited. 

Chlorine  estimation. — The  wine  is  saturated  with  sodic  carbonate,  evaporated,  the  res 
idue  gently  ignited  and  exhausted  with  water.  In  this  solution  the  chlorine  is  to  be 
estimated  volumetrically  accordin  to  Volhard,  or  gravimetrically.  Wines  whose 
ashes  do  not  burn  white  by  gentle  ignition  usually  contain  considerable  quantities 
of  chlorine  (salt). 

Sulphuric  acid. — Tliis  is  to  be  estimated  directly  in  the  wine  by  the  addition  of 
barium  chloride.  The  quantitative  estimation  of  the  sulphuric  acid  is  to  be  carried 
out  only  in  cases  where  the  qualitative  test  indicates  the  presence  of  abnormally 
large  quantities.  (In  the  case  of  viscous  or  very  muddy  wines  a  previous  clarification 
with  Spanish-earth  is  to  be  recommended.) 

If  in  a  special  case  it  is  necessary  to  iuvestigate  whether  free  sulphuric  acid  or 
potassium  bisulphate  are  present,  it  must  be  proved  that  more  sulphuric  acid  is  pres- 
ent than  is  necessary  to  form  neutral  salts  with  all  the  bases. 

Phosphoric  acid. — In  the  case  of  wines  whose  ashes  do  not  react  strongly  alkaline 
the  estimation  is  made  by  evaporating  the  wine  with  sodic  carbonate  and  potassic 
nitrate,  the  residue  gently  ignited  and  taken  up  with  dilute  nitric  acid;  then  the 
molybdenum  method  is  to  be  Uvsed.  If  the  ash  reacts  strongly  alkaline  the  nitric- 
acid  solution  of  it  can  be  used  directly  for  the  phosphoric-acid  determination. 

The  other  mineral  constituents  of  wine  (also  alum)  are  to  be  determined  in  the  ash 
or  residue  of  incineration. 

Sulphurous  acid. — One  hundred  cubic  centimeters  wine  are  distilled  in  a  current  of 
carbonic  acid  gas  after  the  addition  of  phosphoric  acid.  For  receiving  the  dis- 
tillate 5cc.  of  normal  iodine  solution  are  used.  After  the  first  third  has  distilled 
off,  the  distillate,  which  must  still  contain  an  excess  of  free  iodine,  is  acidified  with 
hydrochloric  acid,  heated  and  treated  with  barium  chloride. 

Adulteration  of  grape  wine  with  fruit  wine. — The  detection  of  this  adulteration  can 
only  exceptionally  be  carried  out  with  certainty  by  means  of  the  methods  that  have 
so  far  been  ofifered.  Especially  are  all  methods  untrustworthy  which  rely  upon  a 
single  reaction  to  distinguish  grape  from  fruit  wine  ;  neither  is  it  always  possible  to 
decide  with  certainty  from  the  absence  of  tartaric  acid  or  from  the  presence  of  only 
very  small  quanrities  that  a  wine  is  not  made  from  grapes. 

In  tlie  manufacture  of  artificial  wine  together  with  water  the  following  articles  are 
known  to  be  sometimes  used:  Alcohol  (direct  or  iu  the  shape  of  fortified  wine),  cane 
sugar,  starch  sugar,  and  substances  rich  in  sugar  (honey),  glycerine,  bitartate  of 
potash,  tartaric  acid,  other  vegetable  acids,  and  substances  rich  in  such  acids,  sali- 
cylic acid,  mineral  matters,  gum  arabic,  tannic  acid,  and  substances  rich  in  the  same 
(e.  g.,  kino,  catechu),  foreign  coloring  matters,  various  ethers  and  aromas. 
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The  esfciinatiou  or  rather  the  means  of  detecting  the  most  of  these  substances  has 
already  been  given  above  with  the  exception  of  the  aromas  and  ethers,  for  which  no 
method  can  as  yet  be  recommended. 

The  following  substances  may  be  mentioned  here  in  particular,  which  serve  for  in- 
creasing the  sugar,  extract,  and  free  acid:  Dried  fruit,  tamarinds,  St.  John's  bread, 
dates,  figs. 

B. — Bales  for  judging  of  the  purify  of  icine. 

I.  (a;  Tests  and  determinations  which  are,  as  a  rule,  to  be  performed  in  judging 
of  the  purity  of  wines :  Extract,  alcohol,  sugar,  free  acids  as  a  whole,  free  tartaric 
acid  qualitative,  sulphuric  acid,  total  ash,  polarization,  gum,  foreign  coloring  mat- 
ters in  red  wines,  (b)  Tests  and  determinations  which  are  also  to  be  carried  out 
under  special  circumstances  :  Specific  gravity,  volatile  acids,  bitartate  of  potash,  and 
free  tartaric  acid  quantitative,  succinic  acid,  malic  acid,  citric  acid,  salicylic  acid, 
sulphurous  acid,  tannin,  manuite,  special  ash  constituents,  nitrogen. 

The  Commission  considers  it  desirable,  in  giving  the  estimations  generally  per- 
formed, to  adhere  to  the  order  of  succession  given  above  (under  (a)  ). 

II.  The  Commission  cannot  regard  it  as  their  province  to  give  a  guide  for  judging 
of  the  purity  of  wine,  but  thinks  it  advisable,  in  the  light  of  its  experience,  to  call  at- 
tention to  the  following  points  : 

Wines  which  are  made  wholly  from  pure  grape  juice  very  seldom  contain  a  less 
quantity  of  extract  than  1.5  grams  in  lOOcc.  wine.  If  wines  poorer  in  extract  occur 
they  should  be  condemned,  unless  it  can  be  proven  that  natural  wines  of  the  same 
district  and  vintage  occur  with  a  similar  low  content  of  extract. 

After  subtracting  the  "fixed  acids"  the  remaining  extract  (exiradrest)  in  pure 
wines,  according  to  i)reviou8  experience,  amounts  to  at  least  1.1  grams  in  lOOcc,  and 
after  subtracting  the  "  free  acids,"  at  least  1.0  gram.  Wines  which  show  less  extract- 
rest  are  to  be  condemned,  in  case  it  cannot  be  shown  that  natural  wines  of  the  same 
district  and  vintage  contain  as  small  an  extractrest. 

A  wine  which  contains  appreciably  more  ash  than  10  per  cent,  of  its  extract  con- 
tent must  contain,  correspondingly,  more  extract  than  would  otherwise  be  accepted  as 
a  minimum  limit.  In  natural  wines  the  r  elation  of  ash  to  extract  approaches  very 
closely  1  to  10  parts  by  weighi.  Still  a  considerable  deviation  from  this  relation  does 
not  entirel}^  justify  the  conclusion  that  the  wine  is  adulterated. 

The  amount  of  free  tartaric  acid  in  pure  wines,  according  to  previous  experience, 
does  not  exceed  one-sixth  of  the  entire  "  fixed  acids." 

The  relation  between  alcohol  and  glycerine  can  vary  in  pure  wines  between  100  parts 
by  weight  of  alcohol  to  7  parts  by  weight  of  glycerine ;  and  100  parts  by  weight 
of  alcohol  to  14  parts  by  weight  of  glycerine.  In  case  of  wines  showing  a  diflFerent 
glycerine  relation  an  addition  of  alcohol  or  glycerine  can  be  inferred. 

As  sometimes  during  its  handling  in  cellars  small  quantities  of  alcohol  (at  most  1 
per  cent,  by  volume)  may  find  their  way  into  wine  this  fact  must  be  borne  in  mind 
in  judging  of  its  purity. 

These  proportions  are  not  always  applicable  to  sweet  wines. 

For  the  individual  ash  constituents  no  generally  applicable  limits  can  be  given. 
The  opinion  that  the  better  kinds  of  wine  always  contain  more  phosphoric  acid  than 
others  is  unfounded. 

Wines  that  contain  less  than  0.14  gram  of  mineral  matter  in  lOOcc.  are  to  be  con- 
demned, if  it  cannot  be  shown  that  natural  wines  of  the  same  kind  and  the  same 
A'intage,  which  have  been  subjected  to  like  treatment,  have  an  equally  small  content 
of  mineral  matter. 

Wines  which  contain  more  than  0.05  gram  of  salt  in  lOOcc.  are  to  be  condemned. 

Wines  that  contain  more  than  0.092  gram  sulphuric  acid  (SO3)  corresponding  to 
0.20  grams  potassic  sulphate  (K2SO4)  in  lOOcc,  are  to  be  designated  as  wines  contain- 
ing too  much  sulphuric  acid,  either  from  the  use  of  gypsum  or  in  some  other  way. 
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Tlirougli  various  causes  wiues  may  become  viscous,  black,  brown,  cloudy,  or  bitter; 
they  may  otherwise  change  essentially  in  color,  taste,  and  odor.  The  color  of  red 
wines  may  also  separate  in  a  solid  form  ;  still  all  these  phenomena  in  and  of  themselves 
would  not  justify  the  condemnation  of  the  wine  as  not  genuine. 

If  during  the  summer  time  an  energetic  fermentation  commences  in  a  wine,  this 
does  not  justify  the  conclusion  that  an  addition  of  sugar  or  substances  rich  in  sugar, 
e.  g.,  honey,  &c.,  has  taken  place,  for  the  first  fermentation  may  have  been  hindered 
in  various  ways  or  the  wine  may  have  bad  an  addition  of  a  wine  rich  in  sugar. 

The  methods  adopted  by  the  "UdIou  of  Bavarian  Chemists"  differ 
considerably  from  the  above  in  many  particulars,  so  they  are  given  also, 
together  with  the  methods  adopted  by  the  same  body  for  the  examination 
of  beer^  in  somewhat  condensed  form. 

WINES. 

METHODS    OF    INVESTIGATION. 

I.  Determination  of  specific  gravity. — This  is  to  be  done  by  means  of  a  Westphal's 
balance  or  a  picnometer,  and  always  at  15°  C. 

II.  Determination  of  extract. — Ten  to  50cc.  wine  at  15°  C.  are  evaporated  in  a  plati- 
num dish  on  the  water  bath  to  the  proper  consistence  and  then  dried  in  a  drying  oven 
at  100  C.  to  constant  loss  of  weight.  Constant  loss  of  weight  is  assumed  when  three 
weighings,  with  equal  intervals  between  the  first  and  second  and  second  and  third 
give  equal  differences  between  the  successive  weighings. 

Weighings  are  to  be  made  at  intervals  of  fifteen  minutes. 

III.  Inorganic  matter. — This  is  the  incombustible  ash  obtained  by  burning  the  ex_ 
tract.  Eepeated  moistening,  drying,  and  heating  to  redness  are  advisable  to  entirely 
get  rid  of  all  organic  constituents. 

IV.  Aciditg. — After  shaking  vigorously,  to  drive  off  carbonic  acid,  the  wine  is  to  be 
titrated  with  an  alkali  solution  and  the  acidity  expressed  in  terms  of  tartaric  acid. 

V.  Glycerine. — (1)  This  is  determined  in  dry  wines  as  follows  :  The  alcohol  is  driven 
off  from  lOOcc.  wine,  lime  or  magnesia  added,  and  the  mass  evaporated  to  dryness 
The  residue  is  boiled  with  90  per  cent,  alcohol,  filtered,  and  the  filtrate  evaporated  to 
dryness.  This  residue  is  dissolved  in  10-20cc.  alcohol,  15-30cc.  ether  added,  and  the 
mixture  allowed  to  stand  until  it  is  clear.  It  is  then  decanted  from  the  sticky  pre- 
cipitate into  a  glass-stojipered  weighing  bottle,  evaporated  to  constant  loss  of  weight, 
and  weighed. 

(2)  The  following  method  is  employed  for  sweet  wines:  lOOcc.  wine  are  measured 
into  a  porcelain  dish  and  evaporated  on  the  water  bath  to  a  sirupy  consistence,  mixed 
with  100-150cc.  absolute  alcohol,  i^oured  into  a  flask,  ether  added  in  the  proportion  of 
i.|  volumes  to  each  volume  of  alcohol  used,  the  flask  well  shaken,  and  allowed  to 
stand  until  the  liquid  becomes  clear.  This  is  then  poured  off  and',  the  residue  again 
treated  with  a  mixture  of  alcohol  and  ether.  The  liquids  are  mixed,  the  alcohol  and 
other  driven  off,  the  residue  dissolved  in  water,  and  treated  as  in  (1). 

(3)  In  all  glycerine  determinations  it  is  necessary  to  take  into  consideration  the 
loss  of  glycerine  due  to  its  volatility  with  water  and  alcohol  vapor,  and  accordingly 
to  add  to  the  glycerine  found  0.100  gram  for  each  lOOcc.  of  liquid  evaporated. 

(4)  It  is  necessary  to  test  the  glycerine  from  sweet  wines  for  sugar,  and  if  any  is 
present  it  must  be  estimated  by  Soxhlet's  or  Knapp's  method  and  its  weight  subtracted 
from  that  of  the  glycerine. 

VI.  Alcohol. — The  determination  must  be  made  by  distillation  in  glass  vessels  and 
the  results  stated  as  follows :  lOucc.  wine  at  15°  C.  contain  x  grams  or  cubic  centi- 
meters alcohol. 

VII.  Polarization. — (1)  The  wine  is  decolorized  with  plumbic  subacetate. 

1  Hilger,  Vereinbaruugen  u.  s.  w.,  p.  154. 
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(2)  A  slight  excess  of  sodic  carbonate  is  added  to  the  filtrate  from  (1).  Two  cubic 
centimeters  of  a  solution  of  plumbic  subacetate  are  added  to  40cc.  white  wine  and 
5cc.  to  40cc.  red  vrine,  the  solution  is  filtered  and  Ice.  of  a  saturated  solution  of  sodic 
carbonate  added  to  21  or  22.5cc.  cf  the  filtrate. 

(:?)  The  kind  of  apparatus  used  and  the  length  of  the  tube  are  to  be  given,  and  re- 
sults estimated  in  equivalents  of  Wild's  polaristrobometer  with  200mm.  tubes. 

(4)  All  samples  rotating  more  than  0.5°  to  the  right  (in  220mm.  tubes,  after  treating 
as  above),  and  showing  no  change,  or  but  little  chau'ge,  in  their  rotatory  power  after 
inversion,  are  to  be  considered  as  coutaiuingunfermeuted  glucose  (starch  sugar)  resi- 
due. 

(5)  Rotatory  power  of  less  than  0.3°  to  the  right  shows  that  impure  glucose  has  not 
been  added. 

(6)  Wines  rotating  between  0.3°  and  0.5°  to  the  right  must  be  treated  by  the  alcohol 
method. 

(7)  \Yines  rotating  strongly  to  the  left  must  be  fermented  and  their  optical  prop- 
erties then  examined. 

YIII.  Sugar. — This  is  to  be  determined  by  Soxhlet's  or  Knajip's  method.  The 
presence  of  unfermented  cane  sugar  is  to  be  shown  by  inversion,  &c. 

IX.  Potassic  bitartrafe. — The  determination  of  potassic  bitartrate  as  such  is  to  be 
omitted. 

X.  Tarlaric,  malic,  and  succinic  acids.— {1)  According  to  Schmidt  and  Hiepe's 
method. 

(2)  Determination  of  tartaric  acid  according  to  the  modified  Berthelot-Fleury 
method. 

(3)  If  the  addition  of  1  gram  finely  powdered  tartaric  acid  to  100  grams  wine  pro- 
duces no  precipitate  of  potassic  bitartrate,  the  modified  Berthelot-Fleury  method  must 
be  employed  to  determine  free  tartaric  acid. 

XL  Coloring  matter. — (1)  Only  aniline  dyes  are  to  be  looked  for. 

(2)  Special  attention  is  to  be  paid  to  the  spectroscopic  behavior  of  rosaniline  dyes, 
as  obtained  by  shaking  wines  with  amyl  alcohol  before  and  after  saturation  with 
ammonia. 

(3)  A  qualitative  test  for  alumina  is  not  sufficient  evidence  of  the  addition  of 
alum. 

XII.  Xitrogen. — To  be  determined  according  to  the  ordinary  method. 

XIII.  Citric  acid. — Presence  to  be  shown  by  a  qualitative  test,  as  baric  citrate. 

XIV.  Suljyhm-ic  acid. — To  be  determined  in  the  wine  after  adding  hydrochloric  acid. 

XV.  Chlorine. — To  be  determined  in  the  nitric-acid  solution  of  the  burnt  residue 
by  Volhard's  method. 

XVI.  Lime,  magnesia,  and  jpliosphoric  acid. — These  are  determined  in  the  ash  fused 
with  sodic  hydrate  and  potassic  nitrate,  the  phosphoric  acid  by  the  molybdenum 
method. 

XVII.  Potash. — Either  in  the  wine  ash,  as  the  platinum  double  salt,  or  in  the  wine 
itself,  by  Kayser's  method. 

XVIII.  Gums. — Presence  shown  by  precipitation  by  alcohol ;  4cc.  wine  and  lOcc. 
96  per  cent,  alcohol  are  mixed.  If  gum  arabic  has  been  added,  a  lumpy,  thick,  stringy 
precipitate  is  produced;  whereas  pure  wine  becomes  at  first  opalescent  and  then 
flocculent. 

METHODS  OF  JUDGING  PURITY — (Beurtheiluug). 

Part  I. 

I.  Commercial  wines  may  be  defined  as  follows  :  (a)  The  product  obtained  by  the 
fermentation  of  grape  juice  with  or  without  grape  skins  and  stems.  (&)  The  prod- 
uct obtained  by  the  fermentation  of  pure  must,  to  which  pure  sugar,  water,  or  infu- 
sion of  grape  skins  has  been  added.  It  must  contain  not  more  than  9  per  cent, 
alcohol  and  0.3  per  cent,  sugar,  and  not  less  than  0.7  per  cent,  acid,  estimated  as  tar- 
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taric.  (c)  The  product  obtained  in  southern  countries  by  the  addition  of  alcohol  to 
fermented  or  partly  fermented  grape  juice.  French  wines  are  not  included,  however. 
{(I)  The  product  obtained  by  fermenting  the  expressed  juice  of  more  or  less  completely 
dried  wine  grapes. 

II.  The  above  definitions  do  not  apply  to  champagnes. 

III.  The  following  include  the  operations  undergone  by  wines  in  cellars  (KeJIer- 
mcissige  Bell  and!  ting):  (a)  Drawing  and  filling.  (&)  Filtration,  (c)  Clarification  by 
the  use  of  kaolin,  isinglass,  gelatine  or  albumiu,  with  or  without  tannin.  (d) 
Sulphuring.  Onl^-  miuute  traces  of  sulphurous  acid  may  be  contained  in  wine  for 
consumption,  (e)  Adultera'tion  of  wine.  (/)  Addition  of  alcohol  to  wine  intended 
for  export. 

lY.  Wines,  even  if  plastered,  must  not  contain  more  sulphuric  acid  than  that  cor- 
responding to  2  grams  potassic  sulphate  (K.2SO4)  per  liter. 

V.  Medicinal  wines  are  those  mentioned  in  Parts  I  and  IV,  with  the  following  re- 
strictions :  (a)  They  must  not  contain  more  sulphuric  acid  than  corresponds  to  1  gram 
potassic  sulphate  per  liter.  (&)  They  must  contain  no  sulphurous  acid,  (c)  The 
percentage  of  alcohol  and  sugar  to  be  given  on  the  label,  (d)  These  restrictions  ap- 
ply only  to  wines  expressly  recommended  or  sold  for  medicinal  use. 

Part  IL 

I.  Improperly  gallized  wines  are  preparations  of  grape  juice,  pure  sugar  and  water, 
or  grape-skin  infusion,  that  contain  more  than  9  per  cent,  alcohol  or  less  than  0.7  per 
cent,  acid,  or  both,  and  preparations  in  which  impure  glucose  has  been  used.  The 
following  facts  enable  us  to  detect  them  :  Small  quantity  of  inorganic  matter  (phos- 
phoric acid  and  magnesia),  and  right  rotation  if  impure  glucose  is  used.  If  the  rota- 
tion exceeds  0.2°  to  the  right,  the  wine  is  to  be  concentrated,  freed  from  tartaric  acid 
as  far  as  possible,  and  again  polarized. 

II.  Addition  of  alcohol  is  to  be  assumed  if  the  ratio  of  alcohol  to  glycerine  is  greater 
than  10  to  1  by  weight. 

III.  Addition  of  water  and  alcohol  is  recognized  by  the  diminution  in  the  quantity 
of  inorganic  matter,  especially  magnesia,  phosphoric  acid,  and  usually  potash.  Addi- 
tion of  water  alone  is  recognized  in  the  same  way. 

IV.  Scheelization,  i.  e.,  addition  of  ghxeriue,  is  assumed  if  the  ratio  of  glycerine  to 
alcohol  exceeds  1  to  6  by  weight. 

y.  The  presence  of  cane  sugar  is  ascertained  by  a  determination  of  sugar  (by  Sox- 
hlet's  or  Knapp's  method),  before  and  after  inversion. 

BEER. 

A.— METHODS   OF  INVESTIGATION. 

By  beer  is  to  be  understood  a  fermented  and  still  fermenting  drink,  made  from  bar- 
ley (or  wheat)  malt,  hops,  and  water,  and  which  was  fermented  by  yeast. 

I.  Determination  of  specific  gravity. — For  this  as  well  as  all  other  determinations  the 
beer  is  freed  from  carbonic  acid,  as  far  as  possible,  by  half-filling  bottles  with  it  and 
shaking  vigorously.  It  is  then  filtered.  The  si)ecific  gravity  is  then  determined 
either  by  Westphal's  balance  or  by  a  picnometer  at  15°  C. 

II.  Determination  of  extract. — Seventy-five  cubic  centimeters  of  beer  are  carefully 
weighed  and  evaporated  in  a  suitable  vessel  to  25cc.,  care  being  taken  to  prevent 
boiling.  After  cooling,  water  is  added  until  the  original  weight  is  reached,  and  the 
specific  gravity  of  the  liquid  taken  as  in  I.  The  per  cent,  of  extract  is  obtained  from 
this  specific  gravity  by  the  use  of  a  table  constructed  by  Dr.  Schultz,  and  is  given  as 
"per  cent,  extract,  Schultz. "^ 

1  Hilger,  p.  123.  ~  ' 
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III.  Alcohol  is  determiued  by  distilling  the  beer.  A  piciiometer  of  about  oOcc.  ca- 
pacity and  with  a  graduated  neck  is  used  as  a  receiA'er.  The  picnometer  is  carefully 
calibrated.  Seventy-five  cubic  centimeters  of  beer  are  distilled  until  the  distillate 
reaches  about  the  center  of  the  scale  on  the  neck  of  the  incnometer.  This  is  then 
cooled  to  15°  C,  dried,  and  weighed,  and  the  alcohol  determined  by  means  of  Baum- 
ber's  table. 

9 
The  percentage  of  alcohol  by  weight  is  to  be  given.     In  very  acid  beers  it  is  neces- 
sary to  neutralize  before  distilling. 

IV.  Original  gravity  of  wort. — This  maybe  ascertained,  approximately,  by  doubling 
the  per  cent,  by  weight  of  alcohol  found  as  above,  and  adding  the  per  cent,  of  extract. 
As  this  procedure  is  not  exact,  it  may  be  made  more  nearly  so  by  using  the  formula 

100  (E +2.0665  A) 
100  +  1.0665  A 

V.  Degree  of  fermentation.     This  is  estimated  by  using  the  formula 

E" 


100 


(-?) 


VI.  Sugar  determination. — This  is  to  be  determined  directly, in  the  beer  previously 
freed  from  carbonic  acid,  by  Soxhlet's  method  of  weighing  the  reduced  copper ;  1.13 
parts  of  copper  correspond  to  1  part  anhydrous  maltose. 

VII.  Determination  of  dextrin  is  seldom  required,  and  if  required  is  to  be  per- 
formed by  Sachsse's  method. 

VIII.  yiti'ogen. — Twenty  to  thirty  cubic  centimeters  are  evaporated  in  a  Hof- 
meister  "  schiilchen  "  or  on  warm  mercury,  and  the  extract  burned  with  soda-lime. 
The  nitrogen  may  also  be  determiued  by  Kjeldahl's  method. 

IX.  Acids. — (a)  Total  acids:  The  carbonic  acid  is  driven  off  from  iOOcc.  of  beer  by 
heating  in  beakers  for  a  short  time  to  40^  C.  and  the  beer  then  titrated  with  baryta 
water  (one-fifth  to  one-tenth  normal).  The  saturation  point  is  reached  when  a  drop 
of  the  liquid  has  no  longer  any  action  on  litmus  paper.  The  acidity  is  to  be  given  in 
cubic  centimeters  normal  alkali  required  for  100  grams  beer  and  as  grams  per  cent,  of 
lactic  acid.     The  indication  "  acidity  "  or  "degree  of  acidity  "  is  insufficient. 

(&)  Normal  beer  contains  but  a  very  small  quantity  of  acetic  acid.  The  determina- 
tion of  fixed  acid  in  the  repeatedly  evaporated  extract  is  to  be  cast  aside.  The  acetic 
acid  produced  by  souring  of  the  beer  is  shown  by  the  increase  in  total  acids.  A  qual- 
itative test  of  the  presence  of  acetic  acid  in  the  distillate  from  beers  containing  acetic 
acid  is  sufficient.  Neutralized  beer  is  to  be  acidified  with  lihosi^horic  acid  and  dis- 
tilled.    AVeigert's  method  is  recommended. 

X.  Ask. — Thirty  to  fifty  cubic  centimeters  of  beer  are  evaporated  in  a  large  tared 
platinum  dish  and  the  extract  carefully  burned.  If  the  burning  takes  place  slowly, 
the  ash  constituents  do  not  fuse  together. 

XI.  Fhosphoric  acid. — This  is  to  be  determined  in  the  ash  obtained  by  evaporating 
and  burning  in  a  muffie  50  to  lOOcc.  of  beer  to  which  not  too  much  baric  hydrate  has 
been  added.  The  phosphoric  acid  is  determined  in  the  nitric  acid  solution  of  the  ash 
by  the  molybdenum  method. 

XII.  iiulpJi  uric  add. — The  direct  determination  is  not  permissible.  The  determi- 
nation is  to  be  made  by  using  the  ash  prepared  by  burning  with  sodic  hydrate  and 
potassic  nitrate  or  baric  hydrate  and  proceeding  in  the  ordinary  way. 

XIII.  Chlorine. — This  is  to  be  determined  in  the  ash  prepared  with  sodic  hydrate. 

XIV.  Glycerine. — Three  grams  calcic  hydrate  are  added  to  50cc.  of  beer,  evaporated 
to  a  sirupy  consistence,  about  10  grams  coarse  sea-sand  or  marble  added,  and  dried. 
The  dry  mass  is  rubbed  up,  put  into  a  capsule  of  filter  paper,  placed  in  an  extraction 
apparatus,  and  extracted  for  six  to  eight  hours  with  50cc.  alcohol.  To  the  light  col- 
ored extract  at  least  an  equal  volume  of  ether  is  added,  and  the  solution,  after  stand- 
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ing  a  while,  poured  into  or  filtered  iuto  a  weighed  capsule.  After  evaporating  the 
alcohol  and  ether,  the  residue  is  heated  in  a  drying  oven  at  100°  to  105°  C.  to  a  constant 
loss  of  weight.  In  beers  rich  in  extract  the  ash  contained  in  the  glycerine  can  be 
weighed  and  subtracted.  In  case  the  glycerine  contains  sugar,  this  can  be  determined 
by  Soxhlet's  method  and  subtracted. 

XV.  Hop  substitutes  are  to  be  determined  by  Dragendorff's  method.  Picric  acid  is 
to  be  determined  by  Fleck's  method.  In  examining  for  alkaloids,  check  experiments 
with  XDure  beer  must  in  all  cases  be  made. 

XVI.  Suljiliites. — One  hundred  cubic  centimeters  of  beer  are  distilled  after  the  addi- 
tion of  phosphoric  acid  and  the  distillate  conducted  iuto  iodine  solution.  After  one- 
third  has  distilled  over,  the  iodine-colored  distillate  is  acidified  with  hydrochloric  acid 
and  baric  chloride  added.  If  sulphites  were  not  contained  iu  the  beer  no  precipitate 
is  observed,  hut  at  the  iitmost  a  turbidity. 

XVII.  Salicylic  acid.— This  may  be  shown  qualitatively  hy  shaking  with  ether, 
chloroform,  or  benzine.  The  solution  is  allowed  to  evaporate,  the  residue  dissolved  in 
water,  and  a  very  dilute  solution  of  ferric  chloride  added.  The  addition  of  too  much 
acid  and  too  violent  shaking  is  to  be  avoided.  The  smallest  trace  of  salicylic  acid 
may  also  be  shown  by  dialysis,  as  it  passes  very  readily  through  membrane. 

Note. — All  the  results  of  an  investigation  are  to  be  stated  in  percentages  by  weight. 

B. — Methods  of  judgixg  purity  of  beers. 

I.  It  is  unjust  to  demand  in  a  fermented  beer  an  exact  ratio  of  alcohol  to  extract, 
as  the  brewer  cannot  regulate  the  degree  of  fermentation  within  narrow  limits.  As 
a  rule,  Bavarian  draft  aud  lager  beers  contain  from  1.5  to  2  parts  of  extract  for  each 
part  of  alcohol,  but  a  smaller  proportion  of  extract  would  not  necessarily  jjrove  the 
addition  of  alcohol  or  glucose  (the  former  to  the  beer,  the  latter  to  the  wort). 

II.  The  degree  of  fermentation  of  a  beer  must  be  such  that  at  least  48  per  cent,  of 
the  original  extract  has  undergone  fermentation. 

III.  If  glucose  or  other  bodies  poor  in  nitrogen  have  been  used  in  appreciable 
quantity  as  substitutes  for  malt,  the  nitrogen  contents  of  the  beer  extract  will  fall 
below  0.65  per  cent. 

IV.  The  acidity  of  a  beer  should  not  be  greater  than  3cc.  normal  alkali  to  lOOoc.  beer. 
Acidity  of  less  than  1.2cc.  normal  alkali  to  lOOcc.  beer  indicates  previous  neutraliza- 
tion. If  the  acids  are  composed  principally  of  lactic  acid  a  larger  quantity  may  be 
present. 

V.  The  ash  of  normal  beer  is  not  above  0.3  grams  to  100  grams  beer. 

VI.  The  amounts  of  phosphoric  aud  sulphuric  acids  and  chlorine  in  beer  extract 
vary  within  such  wide  limits  that  their  determination  signifies  nothing  as  to  the 
purity  of  the  beer. 

VII.  The  amount  of  glycerine  in  pure  beer  is  not  greater  than  0.25  gram  to  100 
grams  beer. 

VIII.  The  follov^ing  methods  of  clarifying  beer  are  legal:  (a)  Filtration.  (&) 
Well-boiled  hazel  or  beech  shavings,     (c)  Isinglass. 

IX.  The  following  methods  of  preserving  beer  are  legal:  («)  Carbonic  acid.  (/>) 
Pasteurizing,  (c)  Salicylic  acid,  this  only  for  beers  intended  for  export  to  countries 
where  the  use  of  salicylic  acid  is  not  forbidden  by  law. 

Note. — The  preceding  methods  are  also  to  be  used  in  the  examination  of  imported 
beer. 

C. — Admixisteative  note. 

It  is  absolutely  necessary  that  the  beer  be  preserved  in  well-corked  green-glass  bot- 
tles.    Stone  jugs  and  such  vessels  are  not  to  be  used. 
The  beer  samples  are  to  be  protected  from  light  and  kept  at  a  low  temperature. 
Care  in  making  tests  is,  above  all,  necessary. 
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The  following  bill,  receDtly  adopted  in  Kew  York,  constitutes  the  only 
instance  I  have  been  able  to  find  of  legislation  directed  specifically 
against  the  adulteration  of  any  form  of  fermented  liquors  in  this  country. 
The  manner  in  which  such  bills  are  drawn  has  considerable  influence 
upon  their  efficiency  in  preventing  and  punishing  the  fraud  against 
which  they  are  directed,  and  while  it  is  not  exactly  within  the  province 
of  this  publication  to  make  suggestions  as  to  the  proper  form  for  such 
legislation,  I  feel  imi)elled  to  venture  the  assertion  that  the  crudity  of 
this  bill  affords  little  evidence  that  any  chemist  was  consulted  or  con- 
cerned in  its  composition : 

Aj!T  act  to  define  pure  wines,  half  wines,  made  wines,  and  adulterated  wines,  and  to  regulate  the 
manufacture  and  sale  of  half  wines  and  made  wines  and  to  prohibit  the  manufacture  or  sale  of 
adulterated  wines  within  the  State  of  New  York. 

[Passed  June  18,  1887,  three-fifths  being  present.] 

The  people  of  the  Slate  of  New  York,  represented  in  Senate  and  Assembly,  do  enact  as 
follows  : 

§  1.  All  liquors  denominated  as  wine,  containing  alcohol,  '^  except  sucli  as  shall  be 
produced  by  the  natural  fermentation  of  pure  undried  fruit  juice,"  or  compounded 
with  distilled  spirits,  or  by  both  methods,  except  as  x^ermitted  by  section  two  of  this 
act,  whether  denominated  as  wine  or  by  any  other  name  whatsoever,  in  the  nature 
of  articles  for  use  as  beverages,  or  for  compounding  with  other  liquors  intended  for 
such  use,  and  all  compounds  of  the  same  with  pure  wine,  and  all  preserved  fruit 
juices  compounded  with  substances  not  produced  from  undried  fruit,  in  the  character 
of,  or  intended  for  use  as  beverages,  or  for  use  in  the  fermentation  or  preparation  of 
liquors  intended  for  use  as  beverages,  and  all  wines,  imitation  of  wines  or  other  bev- 
erages produced  from  fruit  which  shall  contain  any  alum,  baryta  salts,  caustic  lime, 
carbonate  of  soda,  carbonate  of  x)otash,  carbonic  acid,  saltsof  lead,  glycerine,  salcylic* 
acid,  or  any  other  antiseptic,  coloring  matter,  other  than  that  produced  from  un- 
dried fruit,  artificial  flavoring,  essence  of  ether,  or  any  other  foreign  substance  what- 
soever which  is  injurious  to  health,  shall  be  denominated  as  adulterated  wine,  and  any 
person  or  persons  who  shall  manufacture  with  the  intent  to  sell,  or  shall  sell,  or  offer 
to  sell,  any  of  such  wine  or  beverages  shall  be  guilty  of  a  misdemeanor,  and  shall  be 
punished  by  a  fine  of  not  less  than  two  hundred  dollars,  or  more  than  one  Ihousand 
dollars,  or  imprisonment  in  the  county  jail  for  a  term  of  not  less  than  six  months,  or 
more  than  one  year,  or  by  both  such  fine  and  imprisonment  in  the  discretion  of  the 
court,  and  shall  be  liable  to  a  penalty  of  one  dollar  for  each  gallon  thereof  sold,  of- 
fered for  sale,  or  manufactured  with  intent  to  sell,  and  such  wine  or  beverage  shall  be 
deemed  a  public  nuisance  and  forfeited  to  the  State,  and  shall  be  summarily  seized 

*  So  in  original. 
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and  destroyed  by  aay  health  officer  within  whose  jurisdiction  the  same  shall  be  found, 
and  the  reasonable  expense  of  such  seizure  and  destruction  shall  be  a  county  charge. 

$  2.  For  the  purpose  of  this  act  the  words  "pure  wine  "  shall  be  understood  to 
mean  the  fermented  juice  of  uudried  grapes  or  other  undried  fruits,  provided,  how- 
ever, that  the  addition  of  pure  sugar  to  perfect  the  wine,  or  the  addition  of  pure  dis- 
tilled spirits  to  preserve  it,  not  to  exceed  eight  per  centum  of  its  volume,  or  the  using 
of  the  necessary  things  to  clarify  and  fine  the  wine,  which  are  not  injurious  to  health, 
shall  not  be  construed  as  adulterations,  but  such  pure  wine  shall  contain  at  least 
seventy-five  per  centum  of  pure  grape  or  other  undried  fruit  juice. 

$  3.  For  the  further  purpose  of  this  act,  should  any  person  or  persons  manufacture 
with  the  intent  to  sell,  or  sell  or  offer  to  sell,  any  wine  which  contains  less  than 
seventy-five  per  centum  and  more  than  fifty  per  centum  of  pure  grape  or  other  un- 
dried fruit  juice,  and  is  otherwise  pure,  such  wine  shall  be  known,  branded,  marked, 
labeled  and  sold  as  "half  Tvine,"  and  upon  each  and  every  package  of  such  wine, 
which  shall  contain  more  than  three  gallons,  there  shall  be  stamped  upon  both  ends 
of  such  package,  in  black  printed  letters,  at  least  one  inch  high  and  of  proper  pro- 
portion, the  words  "  half  wane,"  and  upon  all  packages  which  shall  contain  more  than 
one  quart  and  up  to  three  gallons,  there  shall  be  stamped  upon  each  of  such  packages, 
iu  plain,  printed  black  letters  at  least  one-half  inch  high,  and  of  proper  proportion, 
the  words  "  half  wine,"  and  upon  all  packages  or  bottles  of  one  quart  or  less,  there 
shall  be  placed  a  label,  securely  pasted  thereon,  on  which  label  the  words  "half 
wine"  shall  be  plainly  printed  in  black  letters  at  least  one-fourth  of  an  inch  high  and 
of  proper  proportion.  Should  any  number  of  such  packages  be  inclosed  in  a  larger 
package,  as  a  box,  barrel,  case,  or  basket,  such  outside  package  shall  also  receive  the 
stamp  "  half  wine,"  the  letters  to  be  of  the  size  according  to  the  amount  of  such  wine 
contained  in  such  outside  package :  Provided,  further,  That  any  person  or  persons  who 
shall  sell,  offer  for  sale,  or  manufacture  with  the  intent  to  sell  any  wine  which  shall 
contain  less  than  fifty  per  centum  of  pure  grape  or  other  undried  fruit  juice,  and  is 
otherwise  pure,  such  wine  shall  be  known,  stamped,  labeled,  and  sold  as  "  made  wine," 
and  shall  be  stamped,  marked,  and  labeled  in  the  same  manner  as  prescribed  in  this 
section,  except  the  words  shall  be  in  this  case  "made  wine." 

$  4.  If  any  person  or  persons  shall  sell,  or  ofter  for  sale,  or  manufacture  with  in- 
tent to  sell  any  wine  of  the  kind  and  character  as  described  in  the  third  section  of 
this  act,  which  shall  not  be  stamped,  marked,  or  labeled  after  the  manner  and  mode 
therein  prescribed,  such  person  or  persons  shall  be  guilty  of  a  misdemeanor,  and 
shall  be  punished  by  a  fine  of  not  less  than  two  hundred  dollars,  or  more  than  one 
thousand  dollars  for  each  and  every  offense,  or  by  imprisonment  in  the  county  jail, 
not  less  than  three  months,  or  more  than  one  year,  or  by  both  fine  and  imprisonment 
in  the  discretion  of  the  court,  and  in  addition  thereto  shall  be  liable  to  a  penalty  of 
one-half  dollar  for  each  gallon  thereof  so  sold,  offered  for  sale,  or  manufactured  with 
the  intent  to  sell  or  offer  for  sale.  All  penalties  impoced  by  this  act  may  be  recov- 
ered with  costs  of  action  by  any  person,  in  his  own  name,  before  any  justice  of  the 
peace  in  the  county  where  the  offense  was  committed;  where  the  amount  does  not 
exceed  the  jurisdiction  of  said  justice,  or  when  such  action  shall  be  brought  in  the 
city  of  New  York,  before  any  justice  of  the  district  or  of  the  city,  court  of  said  city; 
and  such  penalties  may  be  recovered  in  the  like  manner  in  any  court  of  record  iu  the 
State,  but  on  recovery  by  the  plaintiff  in  such  case  for  a  sum  less  than  fifty  dollars, 
the  plaintiff'  shall  only  be  entitled  to  costs  to  an  amount  equal  to  the  amount  of  such 
recovery.  It  shall  be  the  duty  of  any  district  attorney  in  this  State,  and  he  is  hereby 
required  to  prosecute  or  commence  actions  in  the  name  of  the  people  of  this  State, 
for  the  recovery  of  the  penalties  allowed  herein,  upon  receiving  proper  information 
thereof,  and  in  all  actions  brought  by  such  district  attorney,  one-half  of  the  penalty 
recovered  shall  belong  to  and  be  paid  over  to  the  person  or  persons  giving  the  in- 
formation upon  which  the  action  is  brought,  and  the  other  half  shall  be  paid  to  the 
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treasurer  of  the  couuty  in  ^vliicli  said  action  is  brought  -within  thirty  days  from  the 
time  of  its  collection,  and  the  said  one-half  shall  be  placed  to  the  credit  of  the  poor 
fund  of  the  town  or  city  in  which  the  cause  of  action  arose.  All  judgments  recov- 
ered in  pursuance  of  the  provisions  of  this  act,  with  .the  interest  thereon,  may  be 
collected  and  enforced  by  the  same  means  and  in  the  same  manner  as  a  judgment 
rendered  in  an  action  to  recover  damages  for  a  personal  injury.  Two  or  more  pen- 
alties may  be  included  in  the  same  action. 

$  5.  The  provisions  of  this  act  shall  not  apply  to  medicated  wines,  such  as  are  put 
up  and  sold  for  medical  purposes  only. 

^  6.  This  act  shall  take  effect  on  September  first,  eighteen  hundred  and  eighty- 
seven. 
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PART  4.-LARD  AND  LARD  ADULTERATIONS 


U.  S.  Department  of  AaRicuLTURB, 

Division  of  Chemistry, 
Washington,  B.  (7.,  February  7,  1889. 

Sir:  With  many  iaterriiptions,  due  to  the  experiments  in  the  manu- 
factareof  sugar,  carried  on  under  the  supers^ision  of  this  division,  I  have 
completed  our  studies  on  lard  and  lard  adulterations,  and  now  have  the 
honor  to  lay  before  you  the  results  obtained  for  your  inspection  and 
approval. 

I  have  endeavored  to  sliDw  the  character  of  true  lard,  how  it  is  made, 
and  how  it  may  be  distinguished  from  its  imitations.  In  the  same  man- 
ner  the  substances  used  in  adulterating  lard — viz,  stearines  and  cotton 
oil — have  been  studied  and  their  properties  described.  Also  the  charac- 
teristics of  the  mixed  lards  havebeeu  pointed  out,  and  the  best  methods 
of  analytical  research  illustrated. 

Abstracts  of  similar  studies  by  others  have  been  given,  and  it  is  be- 
lieved that  the  present  state  of  our  knowledge  of  lard  and  its  com- 
pounds is  fully  set  forth. 

Some  delay  in  submitting  the  manuscript  to  the  Public  Printer  has 
been  experienced  on  account  of  failure  to  arrange  for  printing  the  illus- 
trations. To  facilitate  this  matter,  it  has  been  decided  to  omit  nearly  all 
illustrations  of  methods  of  making  and  refining  lard  and  cotton  oil,  and 
l)rintODly  a  few  photo-micrographs  showing  the  crystalline  appearance 
of  pure  lard  and  stearines  and  mixtures  thereof. 

Respectfully, 

H.  V7.  WILEY, 

Chcuiist. 
Hon.  Norman  J.  Colman, 

Commhsloner  of  Agriculture. 
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(1)  LARD. 


(a)  Lard  is  a  term  applied  to  the  fat  of  the  slaughtered  hog,  sepa- 
rated from  the  other  tissues  of  the  animal  by  tlie  aid  of  heat. 

lu  the  crude  state  it  is  composed  chiefly  of  the  glycerides  of  the  fatty 
acids,  oleic  and  stearic  or  palmitic,  with  small  portions  of  the  connect- 
ive tissues,  animal  gelatine,  and  other  organic  matters. 

(b)  Kinds  of  lard. — According  to  the  parts  of  tlie  fat  used  and  the 
methods  of  rendering  it  lard  is  divided  into  several  classes.  According 
to  methods  of  rendering  lard  is  classified  as  kettle  and  steam.  From 
material  used  the  following  classification  may  be  made: 

(c)  Neutral  lard. — Central  lard  is  composed  of  the  fats  derived  from 
the  leaf  of  the  slaughtered  animal,  taken  in  a  perfectly  fresh  state.  The 
leaf  is  either  chilled  in  a  cold  atmosphere  or  treated  with  cold  water  to 
remove  the  animal  heat.  It  is  then  reduced  to  a  pulp  in  a  grinder  and 
passed  at  once  to  the  rendering  kettle.  The  fat  is  rendered  at  a  tem- 
perature 1050  to  1200  F.  (40C)-50o  C).  Only  a  part  of  the  lard  is  sep- 
arated at  this  temperature  and  the  rest  is  sent  toother  rendering  tanks 
to  be  made  into  another  kind  of  product.  The  lard  obtained  as  above 
is  washed  in  a  melted  state  with  water  containing  a  trace  of  sodium 
carbonate,  sodium  chloride,  or  a  dilute  acid.  The  lard  thus  formed  is 
almost  neutral,  containing  not  to  exceed  .25  per  cent,  free  acid ;  but  it 
may  contain  a  considerable  quantity  of  water  and  some  salt.  This  neu- 
tral lard  is  used  almost  exclusively  for  making  butterine  (oleomarga- 
rine). 

(d)  Leaf  lard. — The  residue  unrendered  in  the  above  process  is  sub- 
jected to  steam  heat  under  pressure  and  the  fat  thus  obtained  is  called 
leaf  lard.  Formerly  this  was  the  only  kind  of  lard  recognized  in  the 
Chicago  Board  of  Trade,  and  was  then  made  of  the  whole  leaf. 

(e)  GhoiGe  Icettle-rendered  lard;  Choice  lard.— Tha  quantity  of  lard 
required  for  butterine  does  not  include  all  of  the  leaf  produced.  The 
remaining  portions  of  the  leaf,  together  with  the  fat  cut  from  the  backs, 
are  rendered  in  steam-jacketed  open  kettles  and  produce  a  choice  va- 
riety of  lard  known  as '' kettle-rendered."    The  hide  is  removed  from 
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the  ba(3k  fat  before  rendering  and  both  leaf  and  back  fat  are  passed 
through  a  pulping  machine  before  they  enter  the  kettle.  Choice  lard 
is  thus  defined  by  the  regulations  of  the  Chicago  Board  of  Trade : 

Choice  lard.— Choice  lard  to  be  made  from  leaf  and  trimmings  only,  eitlier  steam 
or  kettle  rendered,- the  manner  of  rendering  to  be  branded  on  each  tierce. 

•(/)  Frime  steam  lard. — The  i)rinie  steam  lard  of  commerce  is  made 
as  follows:  The  whole  head  of  the  hog,  after  the  removal  of  the  jowl, 
is  used  for  rendering.  The  heads  are  placed  in  the  bottom  of  the  ren- 
dering tank.  The  fat  is  pulled  off  of  the  small  intestines  and  also 
placed  in  the  tank.  Any  ^it  that  may  be  attached  to  the  heart  of  the 
animal  is  also  used.  In  houses  where  kettle- rendered  lard  is  not  made 
the  back  fat  and  trimmings  are  also  used.  When  there  is  no  demand 
for  leaf  lard  the  leaf  is  also  put  into  the  rendering  tank  with  the  other 
portions  of  the  body  mentioned.  It  is  thus  seen  that  prime  steam  lard 
may  be  taken  to  represent  the  fat  o€  the  whole  animal,  or  only  portions 
thereof.  The  quantity  of  fat  afforded  by  each  animal  varies  with  the 
market  to  which  the  meat  is  to  be  sent.  A  hog  trimmed  for  the  do- 
mestic market  will  give  an  average  of  about  40  i)Ounds,  while  from 
one  destined  for  the  English  market  only  about  20  pounds  of  lard  will 
be  made.  Prime  steam  lard  is  thus  defined  by  the  Chicago  Board  of 
Trade: 

Prime  steam  lard. — Standard  prime  steam  lard  shall  be  solely  the  product  of  the 
trimmings  and  other  fat  parts  of  hjogs,  rendered  in  tanks  by  the  direct  application  of 
steam,  and  without  subsequent  change  in  grain  or  character  by  the  use  of  agitators 
or  other  machinery,  except  as  such  change  may  unavoidably  come  from  transporta- 
tion. It  shall  have  proper  color,  flavor,  and  soundness  for  keeping,  and  no  material 
which  has  been  salted  shall  be  included.  The  name  and  location  of  the  renderer  and 
the  grade  oif  the  lard  shall  be  plainly  branded  on  each  package  at  the  time  of  pack- 
ing. 

This  lard  is  passed  solely  an  inspection ;  the  inspector  having  no  au- 
thority to  supervise  rendering  establishments  in  order  to  secure  a  proper 
control  of  the  kettles.  According  to  the  printed  regulations,  any  part 
of  the  hog  containing  fat  can  be  legally  used. 

Since  much  uncertainty  exists  in  regard  to  the  disposition  which  is 
made  of  the  guts  of  the  hog  I  have  had  the  subject  carefully  investi- 
gated.    Following  are  the  results  of  the  study : 

{g)  Guts. — The  definition  of  the  term  as  used  by  hog  packers  is:  Ev- 
erything inside  of  a  hog  except  the  lungs  and  hearts,  or,  in  other  words, 
the  abdominal  viscera  complete.    The  material  is  handled  as  follows  : 

When  the  hog  is  split  open  the  viscera  are  separated  by  cutting  out 
the  portion  of  flesh  surrounding  the  anus  and  taking  a  strip  containing 
the  external  urino-generative  organs.  The  whole  viscera  are  thrown 
on  a  table  and  divided  as  follows  :  The  heart  is  thrown  to  one  side  and 
the  fatty  portion  trimmed  off  for  lard.  The  rest  goes  into  the  offal  tank 
or  sausage.     The  lungs  and  liver  go  into  the  offal  tank  (or  sausage). 
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The  rectum  and  large  intestines  are  pulled  from  the  iutestiiial  fat  and 
peritoneum  and,  along  with  the  adhering  flesh  and  genitourinary  organs, 
sent  to  the  trimmer.  All  fiesli  and  the  above-mentioned  organs  are 
trimmed  oft*  and  the  intestine  proi)er  is  used  for  sansage  casings.  The 
trimmings,  includiug  tlie  genito  urinary  organs,  are  washed  and  damped 
into  the  rendering  tank.  The  small  intestine  is  also  pulled  from  the  fatt}' 
membrane  surrounding  it  and  saved  for  sausage  casings.  The  remain- 
ing material,  consisting  of  tlie  peritoneum,  diaphragm,  stomacli,  and 
adhering  membranes,  together  with  the  intestinal  fat,  constitute  the 
"guts"  whicli  are  seen  undergoing  the  process  of  washing,  which  is 
usually  conducted  in  three  or  four  different  tanks.  As  the  "guts" pass 
into  the  first  tank  the  stomach  and  peritoneum  are  split  open  and  also 
any  portion  of  the  intestines  which  sometimes  adhere  to  the  peritoneum. 
After  receiving  a  rough  wash  they  are  [lassed  from  tank  to  tank,  wlien, 
after  the  third  or  fourth  wash,  they  are  read}'  for  the  rendering  tank. 
The  omentum  fat  is  cut  from  tlie  kidneys  and  the  kidneys  with  a  little 
adhering  fat  go  into  the  rendering  tank.  Spleen  and  pancreas  go  into 
the  rendering  tanks,  as  do  also  the  trachea,  vocal  chords,  and  ossopha- 
gus. 

To  sum  up,  it  is  safe  to  say  that  everything  goes  into  the  rendering 
tank,  with  the  following  exceptions : 

(1)  The  intestines  proper,  which  are  saved  for  sausage-casings. 

(2)  The  liver  and  lungs. 

(3)  That  part  of  the  heart  free  from  fat. 

I  have  been  told  that  in  killing  small  hogs,  and  also  when  tliere  is 
small  demand  for  sausage-casings,  it  is  frequently  the  practice  to  split 
the  intestines,  so  as  to  save  expense  of  pulling  from  the  fat,  and  after 
washing,  fat  and  all  go  into  the  tank.  Of  course  it  will  often  happen 
that  the  intestines  break  off  and  portions  adhere  to  the  enveloping  tis- 
sue, and  consequently  get  into  the  tank  after  washing. 

It  is  a  commercial  fact  that  sausage- casings  are  worth  more  than  the 
small  amount  of  adhering  fat,  and  consequently  packers  will  save  them. 
Small  hogs  produce  small  casings  difficult  to  pull,  and  it  is  reasonable 
to  believe  that  they  will  be  bandied  in  tbe  simpler  manner.  They  break 
so  easily  that  they  are  hardly  worth  saving  separatel3\  It  is  stated  by 
lard  manufacturers  that  the  grease  made  from  the  parts  of  the  intes- 
tines mentioned  above  is  used  for  the  manufacture  of  lard  oil  and  soap, 
and  does  not  enter  into  the  lard  of  commerce. 

[h)  Butchers^  lard. — The  small  quantities  of  lard  made  by  butchers  are 
usually  "kettle-rendered,"  after  the  manner  practiced  by  small  farmers 
in  making  lard  for  home  consumption.  Often  the  scrai^s  are  saved  up 
for  a  considerable  length  of  time  by  the  butchers  before  rendering,  and 
that  is  likely  to  increase  the  free  acid  present.  This  lard  is  also  fre- 
quently dark  colored,  and  contains  a  considerable  quantity  of  glue.  In 
Xew  York  this  lard  is  known  as  "  ^ew  York  Citv  Lard." 


408 


FOODS    AND    FOOD    ADULTEKANTS. 


lu  this  figure  is  represented  the  type  of  apparatus  used  for  reuderiug 
lard,  etc.,  under  pressure.  The  rendering  vessel  is  made  of  boiler  iron 
or  steel,  and  varies  in  size  accordiug  to  the  magnitude  of  the  establisli- 


Fig.  16. 

ment.  A  very  common  size  is  10  to  12  feet  in  length  and  3  to  5  feet  in 
diameter.  Tlie  heads,  scraps,  and  other  materials  are  put  in  at  M. 
When  the  tank  is  full  M  is  closed.  Steam  is  admitted  through  the  pipe 
thus  marked,  and  condensed  water  drawn  oft  through  the  water-pipe. 
Through  the  cocks  at  D  the  depth  of  lard  in  the  tank  can  be  determined 
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and  the  kird  drawn  off.  When  the  process  is  finished  and  the  lard 
drawn  off  the  bottom  G  is  opened  and  the  ''tankage"  withdrawn  and 
dried  for  fertiKzing  purposes. 

(B)  OxnER  Hog-Fat  Products. 

There  are  many  other  hog-fat  products  not  used  in  the  manufacture 
of  lard  or  comi)Ound  lard,  a  description  of  which,  however,  may  prove 
useful  here. 

{a)  White  grease. — This  grease  is  made  chiefly  from  hogs  which  die  in 
transit,  by  being  smothered  or  frozen.  Formerly  it  was  also  made  from 
animals  dead  of  disease;  but  this  product  has  of  late  been  diminished 
On  account  of  certain  State  laws  requiring  the  carcasses  of  hogs  which 
have  died  of  cholera  to  be  buried.  This  grease  is  made  from  the  whole 
animal  with  the  exception  of  the  intestines.  The  latter  are  rendered 
separately  and  make  "  brown  grease".  The  rendering  is  done  in  closed 
tanks  at  a  high  pressure.  The  residue  is  used  in  the  manufacture  of 
fertilizer.  White  and  brown  grease  are  used  chiefly  in  the  manufacture 
of  low-grade  lard  oils  and  soa^i. 

(b)  Telloio  grease. — Yellow  grease  is  made  by  packers.  All  the  refuse 
materials  of  the  packing-houses  go  into  the  yellow-grease  tank,  together 
with  any  hogs  which  may  die  on  the  x)ackers'  hands.  Yellow  grease  is 
intermediate  in  value  between  white  and  brown.  It  is  used  for  the 
same  purposes. 

(c)  Figs^'foot  grease. — This  grease  is  obtained  chiefly  from  the  glue 
factories,  and  is  used  for  making  lard  oils  and  soap. 

(2)  STEARIXES. 

The  stearin es  are  the  more  solid  portions  of  the  animal  fats  remain- 
ing after  the  more  fluid  portions  have  been  removed  b}^  pressure.  The 
stearines  used  in  the  manufacture  of  compound  lard  are  lard  stearine, 
derived  from  lard,  and  oleo  slearine,  derived  from  a  certain  quality  of 
beef  tallow.  Cotton-oil  stearine  is  used  chiefly  in  the  manufacture  of 
butterine. 

A. — Lard  Stearixe. 

The  lard  stearine  used  in  compound  lard  is  made  as  follows: 
The  prime  steam  lard,  if  i)roperly  crystallized  and  of  -the  right  tem- 
perature (from  450  to  550  F.,  winter;  55^  to  05'^,  summer),  is  sent  at 
once  to  the  presses.  If  not  properly  grained,  it  is  melted  and  kept  in 
a  crystallizing  room  at  50^  to  GO^  F.,  until  the  proper  grain  is  formed. 
The  lard  is  then  wrapped  in  cakes  with  cloth,  each  cake  containing  10 
to  20  pounds.  The  cakes  are  then  placed  in  a  large  press,  with  suitable 
septa  to  facilitate  the  egress  of  the  oil.  These  presses  are  sometimes  40 
to  50  feet  in  length,  and  when  first  filled  12  to  18  feet  high.  The  press- 
ure is  applied  very  gradually  at  first  by  means  of  a  lever  working  a  cap- 
stan, about  which  the  chain  is  wrai)ped,  attached  to  the  upper  movable 
part  of  the  press. 
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The  oil  expressed,  prime  or  extra  lard  oil,  is  used  for  illiimiiiatiug  and 
lubricating  purposes.  The  result! u  g  stearine  is  used  for  making  com- 
pound lard  and  is  worth  more  than  the  lard.  It  has  about  .5  per  cent, 
free  fatty  acid  (less  than  the  lard  oil),  and  crystallizes  in  long  needles, 
making  the  texture  tough. 

B.— Oleo-Stearine. 
This  product  is  made  chiefly  from  the  caul  fat  of  beev^es.  This  fat  is 
rendered  in  open  kettles  -at  a  low  temperature.  The  resulting  tallow 
is  placed  in  cars  in  a  granulating  room,  where  it  is  allowed  to  remain 
foi  thirty- six  to  fortj-eight  hours  at  a  temperature  80^  to  90^  Fah. 
The  contents  of  the  cars  are  then  mixed  and  i)laced  on  a  revolving  ta- 
ble, where  they  are  made  into  cakes.  These  are  wrapped  with  strong 
cotton  cloth  and  placed  in  a  strong  press,  wht3re  a  gradual  pressure 
at  90^  F.,  becoming  very  strong  at  the  end,  is  apptied  for  one  or  two 
hours.  The  expressed  oil,  known  as  oleo-oil,  is  used  in  the  manu- 
facture of  butterine.  The  stearine  is  removed  from  the  press  as  white 
hard  cakes,  and  is  used  for  adulterating  lard.  The  oil  is  sometimes 
filtered  with  a  small  percentage  of  fuller's  earth,  to  improve  its  color 

and  brightness. 

C. — Mutton  Tallow. 

A  fine  article  of  mutton  tallow  is  also  sometimes  used  in  lard,  but  the 
objection  to  the  flavor  is  sufficient  to  limit  its  use  to  a  small  amount. 

D. — Beef  Fat. 
The  following  general  remarks  on  beef  fat  will  be  found  instructive: 
Before  the  day  of  the  oleomargarine  industry  all  fat  rendered  from  the 
tissues  of  cattle  was  known  commercially  as  tall  ow.  Since  then  differ- 
entiation has  taken  place  and  the  term  tallow  is  no  longer  sufficient  to 
designate  the  several  products  obtained  from  the  rendered  fat  of  the 
beef.  We  have  first  *'  butter  stock,"  .which  is  rendered  from  the  caul  fat 
at  a  low  temperature  and  from  which  is  manufactured  by  means  of 
pressure — 

(1)  Oleo-oil. 

(2)  Oleo-stearine  (beef  stearine). 

The  kidney  fat  as  a  rule  is  left  with  the  carcass  and  constitutes  what 
is  known  as  suet.  Marrow  stock,  as  its  name  implies,  is  rendered  mar- 
row fat,  and  when  properly  prepared  is  almost  equal  to  butter  stock  in 
quality.  Tallow  is  made  from  the  trimmings  and  i)ortions  of  the  viscera. 
Its  color  varies  from  white  to  yellow  according  to  the  portions  of  the 
a.nimal  which  have  been  used  and  the  care  with  which  they  have  been 
prepared  for  rendering  and  the  temperature  at  which  rendered.  When 
freshly  and  carefully  rendered  tallow  should  show  less  than  1.5  i)ercent. 
of  free  fatty  acid.  The  tallow  on  the  market  will  show  anywhere  from 
2  to  10  i)er  cent.  Its  flavor  varies,  never  being  good  enough  for  lard. 
Tallow  grease  corresponds  to  the  yellow  grease  of  the  hog-packer.  It 
is  of  a  dark  color  and  often  contains  as  much  as  50  per  cent,  of  free  acid. 
It  is  made  into  low-grade  soans. 
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(3)  COTTON  OIL. 

(a)  The  cotton  seed  from  varioos  sources  is  put  through  a  screen  to 
take  out  the  bolls  and  coarse  material.  The  seed  is  then  put  through 
a  gin  to  remove  as  far  as  possible  any  remaining  liut,  of  wliich  about  20 
pounds  per  ton  of  seed  are  obtained. 

The  clean  seed  is  next  sent  to  a  huUer  composed  of  revolving  cylin- 
ders covered  with  knives,  which  cut  uj)  both  seed  and  hull.  The  chips 
are  then  conveyed  to  a  screen  i^laced  on  a  vibrating  frame,  through 
which  the  kernels  fall.  The  hulls  are  carried  by  an  endless  belt  to  the 
furnaces,  where  thej^  are  burned.  The  kernels  of  the  seed  are  conveyed 
to  crusher  rolls,  where  they  are  ground  to  a  fine  meal.  The  meal  is  then 
sent  to  a  heater,  where  it  remains  from  twenty  to  forty  minutes.  These 
heaters  have  a  temperature  of  210°  to  215^  F.  The  hot  meal  is  formed 
Into  cakes  by  machinery  -,  these  are  wrapped  in  cloth  and  placed  in  the 
press.  About  16  pounds  of  meal  are  put  in  each  cake.  The  cakes  are 
placed  in  a  hydraulic  press,  where  a  pressure  of  from  3,000  to  4,000 
pounds  per  square  inch  is  applied.  The  press  is  also  kept  warui.  The 
expressed  cakes  contain  only  about  10  per  cent,  of  oil.  The  cake  is 
sold  as  cattle  food  or  for  fertilizing  purposes.  The  crude  oil  as  thus 
expressed  contains  about  1.5  per  cent,  of  free  acid.  The  chief  cotton- 
seed presses  of  the  country  are  located  at  the  following  points: 

Cotton-seed  oil  milUng points. 


Arkansas : 

Illinois: 

North.  Carolina : 

Little  Rock. 

Cairo. 

Charlotte. 

Argenta. 

Louisiana : 

Raleigh. 

Fort  Smitli. 

New  Orleans. 

Tennessee : 

Texarkana. 

Shreveport. 

Memx^his. 

Brinkley. 

Baton  Rouge. 

Jackson. 

Helena. 

Monroe. 

Nashville. 

Alabama : 

Missouri : 

Djersburgh. 

Selina. 

Saint  Louis. 

Texas : 

Mobile. 

Mississippi : 

Brenham. 

Montgomery. 

Clarksdale. 

Dallas. 

Eufaula. 

Columbus. 

Galveston. 

Iluntsville. 

Canton. 

Houston. 

Georgia : 

Grenada. 

Palestine. 

Atlanta. 

Greenville. 

Waco. 

Augusta. 

Meridian. 

Albany. 

Natchez. 

Columbus. 

Vicksburg. 

Macon. 

West  Point. 

Rome. 

The  oil  is  chiefly  pressed  in  winter,  since  it  is  difficult  to  keep  the  seed 
for  summer  work.  Some  mills  are,  however,  operated  during  the  sum- 
mer. The  crude  oil  is  shipped  in  tanks  holding  from  36,000  to  45,000 
pounds  each.  When  the  oil  is  shipped  Xorth  in  winter  it  usually  becomes 
solidified.  In  order  to  get  it  out  of  the  tanks  they  are  placed  on  switches 
and  a  jet  of  steam  is  introduced  into  the  tank  and  the  oil  gradually 
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melted  out.  Another  metbod  consists  in  covering  the  tank  with  wood, 
forming  a  chamber  into  which  exhausted  steam  is  introduced.  Gutters 
are  provided  along  the  railroad  tracks  into  which  the  oil  iiows  and 
is  conducted  into  the  receiving  tanks.  From  the  receiving  tanks  it  is 
pumped  into  large  receivers  called  scale  tanks,  where  the  crude  oil  is 
weighed. 

(b)  Refining  process. — After  weighing,  the  oil  is  pumped  into  refining 
kettles.  These  are  of  various  sizes,  the  largest  ones  being  20  to  25  feet 
deep  and  15  feet  in  diameter.  These  tanks  are  furnished  with  steam- 
coils  for  the  purpose  of  heating  the  oil  and  with  appropriate  machinery 
for  keeping  it  in  motion.  A  solution  of  caustic  soda  is  used  for  refin- 
ing. This  solution  is  made  from  10^  to  28^  Beaum6  in  strength,  and 
varying  quantities  are  used  according  to  the  nature  of  the  oil  operated 
upon.  After  the  addition  of  the  caustic  soda  the  mixture  is  agitated 
for  forty-five  minutes  and  kept  at  a  temperature  of  100^  to  110^  F. 
The  contents  of  the  tank  are  then  allowed  to  stand  six  to  thirty- six 
hours,  when  the  solid  matters,  soap  and  substances  precipitated  by  the 
caustic  alkali  gather  at  the  bottom.  This  mixture  is  called  ''  foots," 
and  is  used  for  making  soap.  The  yellow  oil  resulting  by  this  proc- 
ess is  further  purified  by  being  heated  and  alloweit  to  settle  again  or 
by  filtration  and  is  called  summer  yellow  oil.  Winter  yellow  oil  is 
made  from  the  above  material  by  chilling  it  until  it  partially  crystal- 
lizes and  separating  the  stearine  formed,  about  25  per  cent.,  in  presses 
similar  to  those  used  for  lard.  This  cotton-oil  stearine  is  used  for 
making  butteriue  and  soap. 

(c)  White  oil. — The  yellow  oil  obtained  as  above  is  treated  with  from 
2  to  3  per  cent,  of  fuller's  earth  in  a  tank  furnished  with  apparatus  for 
keeping  the  mixture  in  motion.  When  the  fuller's  earth  has  been  thus 
thoroughly  mixed  with  the  oil^  the  whole  is  sent  to  the  filter  press. 
The  fuller's  earth  has  the  property  of  absorbing  or  holding  back  the 
yellow  coloring  matter,  so  that  the  oil  which  issues  from  the  press  is 
almost  white.  This  white  oil  is  the  one  which  is  chiefly  used  for  mak- 
ing compound  lard. 

Cotton  oil  is  obtained  from  the  seeds  of  Gossypium  hcrbaceum.  The 
percentage  of  oil  varies  in  the  seed  from  10  to  30. 

In  1882  it  was  estimated  that  the  oil  industry  was  represented  by  the 
following  data :  * 

410,000  tons  of  seed,   yiekUug  35  gallons  of  crude  oil  to   the   ton,  are 

14/350,000  gallons,  wortli  30  cents  per  gallon 1 1,  305,  000 

Same  amount  of  seed,  yielding  22  pounds  cotton  lint  to  the  ton,  is  t),020,000 
pounds  cotton,  wortli  8  cents  per  x^ound ''21,  GOO 

And  yielding  also  750  iiounds  of  oil-cake  to  the  ton  (2,240  pounds)  is  137,277 

tons  of  cake  at  $20  per  ton 2,745,540 

7,  772, 140 
Deduct  the  sum  paid  for  the  seed,  say 4, 100,  000 

And  there  remains  for  value  gained  in  nuinipulatioa  of  seed 3,  672, 140 

•  Brant.     Vegetable  and  Animal  Oils.     Phil.     II.  C.  Baird  &  Co. 
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From  September  1,  1SS3,  to  September  1,  188G,  there  were  exported  from  New  York 
88,871  barrels,  and  from  New  Orleans  186,720  barrels,  making  a  total  of  275,591  bar- 
rels from  tlie  two  ports.  These  figures  show  conclusively  that  American  cotton-seed 
oil  is  growing  rapidly  in  favor  in  foreign  countries. 

When  well  stored  and  properly  ventilated,  cotton  seed  keeps  sweet  for  twelve 
months.  If  allowed  to  become  damp,  or  stored  too  long  in  bulk,  it  grows  heated,  and 
is  liable  to  spontaneous  combustion. 

Manufacture  of  cottonseed  oil. — The  seed  when  landed  at  the  mill  is  first  examined 
If  too  damp  or  wet  it  is  dried  by  spreading  it  over  a  floor  with  free  access  of  air,  ex- 
posing it  on  frames  to  the  snnlight  in  warm  Aveather,  or  by  kiln-drying.  Drying  is 
the  exception  rather  than  the  rule  in  the  United  States.  Cotton  ginning  is  so  care- 
fully done  that  the  seeds  have  little  or  no  opportunity  to  become  wet.  Besides  this, 
the  seed  is  generally  held  at  the  gins  for  some  time  before  it  is  sold  to  the  oil  manu- 
facturer. 

The  first  process  in  preparing  the  dry  seed  for  the  mill  is  to  free  it  from  dust.  This 
is  effected  by  shaking  it  in  a  screen  or  in  drums  lined  with  a  fine  metallic  net  and 
containing  a  strong  magnet  to  which  any  iron  nails  will  adhere,  which  are  frequently 
present.  From  the  drums  the  seeds  drop  into  a  gutter  leading  to  a.  machine  which 
removes  the  lint  left  by  the  gin.  This  is  done  by  a  gin  constructed  for  the  purpose, 
with  saws  closer  together  than  the  ordinary  cotton-gin.  An  average  of  twenty-two 
pounds  of  short  lint  is  taken  from  a  ton  of  the  seed.  This  product,  called  "linters," 
is  used  in  the  manufacture  of  cotton  batting.  The  clean  seeds  are  then  transferred 
to  the  slicUer,  which  consists  of  a  revolving  cylinder  containing  twenty-four  cylin- 
drical knives  and  four  back  knives.  The  sheller  revolves  at  great  speed,  and  as  the 
seed  is  forced  between  the  knives  the  pericarp  or  hull  is  broken  and  forced  from  the 
kernel.  The  mixed  shells  and  kernels  are  separated  in  a  winnowing  machine  by  a 
strong  blast  of  air.  This  removal  of  the  husk  makes  a  vast  difference  in  the  meal 
cake,  a  dessicated  or  decorticated  cake  being  five  times  more  nutritious  and  whole- 
some than  an  undecorticated  cake. 

Being  thus  cleaned,  shelled,  and  separated,  the  kernels  are  carried  by  a  system  of 
elevators  to  the  npper  story  and  then  pass  down  into  the  crusher-rolls  to  be  ground 
to  flour. 

Cold  pressure  produces  a  very  good  salad  oil,  and  this  is  the  method  generally  pur- 
sued in  Marseilles  and  other  European  cities  for  the  first  pressure,  after  which  the 
residue  is  subjected  to  a  second  warm  pressure.  In  this  country,  however,  warm  press- 
ure is  generally  preferred.  The  meal  is  heated  in  a  meal  heater  for  fifteen  to  twenty 
minutes  to  204.4°  to  215.3°  F. 

The  heated  meal  is  placedin  woolen  bags,  each  holding  suflicientseedfor  a  cake.  The 
bags  are  then  placed  between  horse-hair  mats  backed  with  leather  having  a  fluted  sur- 
face inside  to  facilitate  the  escape  of  the  oil  under  thehydranlic  pressure  amounting 
to  169  tons.  With  the  most  imi>roved  presses  the  hair  mats  are,  however,  done  away 
with.  The  bags  remain  in  the  press  seventeen  minutes,  the  solid  "  oil-cake  "  of  com- 
merce remaining  behind.  This  cake  forms  a  superior  feed  for  cattle,  horses,  sheep, 
and  especially  swine,  and  is  nutritious,  easily  digested,  and  fattening. 

Cotton-seed  cake  is  of  a  rich  golden  color,  quite  dry,  and  has  a  sweet,  nutty,  oleag 
inous  taste.  When  ground  to  the  fineness  of  corn  meal  it  is  known  as  ''cotton-seed 
meal,"  and  in  that  form  is  frequently  used  for  fertilizing  x^urposes. 

The  crude  oil  as  obtained  from  the  press  is  pumped  into  the  oil-room  and  either  bar 
reled  for  shipment  or  refined. 

Four  qualities  of  the  oil  are  known  : 

Crude  oil  is  thickly  fluid  and  of  a  dirty  yellow  to  reddish  color;  on  standing  it  do 
posits  a  slimy  sediment.  The  second  quality  has  a  pale  orange  color  and  is  obtained 
by  refining  the  crude  oil.  The  third  quality  is  obtained  by  further  purification  of  tfio 
second ;  and  the  fourth,  wliich  has  a  i)ale  straw  color  and  a  pure  nutty  taste,  by  bleach- 
ing the  third  quality. 
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The  coloring  principle,  termed  gossypin,  is  collected  on  a  filter,  carefully  vrasbed 
to  remove  any  trace  of  acid,  and  dried  slowly  at  a  low  temperature.  It  is  then,  ready 
for  use  as  a  dye,  aud  gives  fast  colors  on  both  silk  and  wool.  It  is  claimed  that  the 
quantity  of  coloring  matter  in  a  ton  of  crude  oil  is  15  pounds,  thougli  this  pro- 
portion must  vary  considerably.  Its  properties  are  insolubility  hi  acids,  slight  solu- 
bility in  water,  free  solubility  in  alcohol  or  alkalies.  In  its  drj'-  state  it  is  a  light 
powder  of  a  pungent  odor,  of  a  brown  color,  and  strongly  tinctorial. 

Crude  cotton-seed  is  thickly  fluid,  twenty-eight  to  thirty  times  less  fluid  than  water, 
and  has  a  specific  gravity  of  0.9283  at  08^  F.,  0.9806  at  59°  F.,  and  0.9343  at  50°  F. 

According  to  the  quality  of  the  oil,  palmitiu  is  separated  between  54°  and  43°  F. 
The  oil  congeals  at  28.5°  to  27°  F.  In  taste  and  odor  it  resembles  linseed  oil,  and  as 
regards  other  properties  it  is  an  intermediate  between  drying  and  non-drying  oils. 

Eefined  cotton-seed  oil  has  a  specific  gravity  of  0.9264  at  59°  F.  ;  it  separates  pal- 
.mitin  already  below  53.5°  F.,  and  congeals  at  32°  to  30°  F. 

The  oil  consists  of  palmitiu  and  olein,  and  to  make  it  still  more  adapted  for  the 
adulteration  of  olive  oil,  for  which  immense  quantities  are  used  every  year,  it  is  inten- 
tionally cooled  for  the  separation  of  palmitiu,  which  lowers  the  specific  gravity. 

MIXING. 

TUe  term  refined  lard  has  long  been  used  to  designate  a  lard  com- 
posed chiefly  of  cotton  oil  and  stearine.  The  largest  manufacturers  of 
tMskind  of  lard  have  now  abandoned  this  term  and  are  using  the  label 
"lard  compound"  instead.  This  is  but  just  to  the  consumers  of  this 
article  who  are  likely  to  be  misled  by  the  term  reflned  larjl.  The  prime 
steam  lard  in  a  state  of  fusion,  the  stearine  also  in  a  liquid  condition, 
and  the  refined  cotton  oil  are  measured  in  the  proportions  to  be  used  and 
placed  in  a  tank  at  a  temperature  of  120^  to  IGO^  F.  In  this  tank  tlie 
ingredients  are  thoroughly  mixed  by  means  of  paddles  operated  by 
machinery.  After  mixing  the  compound  lard  passes  at  once  to  artifi- 
cial coolers  where  it  is  chilled  as  soon  as  possible.  It  is  thence  run  di- 
rectly into  small  tin  cans  or  large  packages  and  prepared  for  market. 

(4)  PROPERTIES  OF  PURE  LARD. 
A. — Physical  Properties. 

(a)  Specific  gravity. — The  specific  gravity  of  a  pure  lard  varies  rap- 
idly with  the  temperature.  It  is  not  convenient  to  take  the  specific 
gravity  of  a  lard  at  a  low^er  temperature  than  3o^  or  40°,*  inasmuch  as 
below  that  temperature  solidification  is  apt  to  begin.  The  specific 
gravity,  therefore,  is  usually  taken  at  35<^  or  AO^  or  at  the  temperature 
of  boiling  water,  viz,  100°.  At  40^  the  specific  gravity  of  pure  lard  is 
about  .890,  and  at  100^  about  .8G0,  referred  to  water  at  4^. 

The  specific  gravity  of  pure  lard  does  not  differ  greatly  from  that  of 
many  of  the  substances  used  in  adulterating  it,  but  it  is  distinctly  lower 
than  that  of  cotton  oil,  and  is  of  great  distinctive  value  in  analysis. 

(b)  Melting  point. — The  melting  point  of  a  pure  lard  is  a  physical 
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characteristic  of  great  value.  The  melting  point  of  the  fat  of  the  swine 
varies  with  the  part  of  the  bod}^  from  which  it  is  taken.  The  fat  from 
the  foot  of  the  swine  appears  to  have  the  least  melting  i)oint,  viz,  35.1^. 
The  intestinal  fat  seems  to  have  the  highest,  viz,  41^.  In  fat  derived 
from  the  head  of  the  animal  the  melting  point  is  found  to  be  35.5o, 
while  the  kidney  fat  of  the  same  animal  shows  a  melting  point  of  42. 5^, 
lu  steam  lards,  representing  the  lards  passed  by  the  Chicago  Board  of 
Trade,  the  melting  point  for  ten  samples  was  found  to  vary  between 
29.8^  and  43.9^.  In  general  it  may  be  said  that  the  melting  point  of 
steam  lards  is  about  37^  which  is  the  mean  of  ten  samples  examined. 
In  pure  lards  derived  from  other  localities  the  melting  point  was  also 
found  to  vary.  A  sample  of  lard  from  Deerfoofe  Farm,  Southborough, 
Mass.,  was  found  to  have  a  melting  point  of  44.9^,  while  a  pure  lard 
from  Sperry  &  Barnes,  ISTew  Haven,  Conn.,  melted  at  39^.  The  mean 
for  cigliteen  samples  was  40.7^.  While  the  molting  point  can  not  be 
taken  as  a  certain  indication  of  the  purity  of  a  lard,  nevertheless  a  wide 
variation  from  40^  in  the  melting  point  of  a  lard  should  lead  at  least  to 
a  suspicion  of  its  genuineness,  or  that  it  was  made  from  some  special 
part  of  the  animal.  Perhaps  one  reason  why  the  melting  j)oint  has  not 
been  more  highly  regarded  by  analysts  is  because  of  the  unsatisfactory 
method  of  determining  itj  but  when  it  is  ascertained  by  the  method 
used  in  these  investigations  it  becomes  a  characteristic  of  great  value. 

(c)  Color  reaction. — The  coloration  produced  on  pure  lard  by  cer- 
tain reagents  serves  as  a  valuable  diagnostic  sign  in  the  analysis  of 
lard  and  its  adulterations.  Yarious  reagents  have  been  employed  for 
the  production  of  characteristic  colors  in  fats,  but  of  these  only  two  are 
of  essential  importance.  They  are  sulphuric  and  nitric  acids.  Pure 
lard,  when  mixed  with  sulphuric  and  nitric  acids  of  the  proper  density, 
as  indicated  hereafter,  give  only  a  slight  color  which  varies  from  light 
l)ink  to  faint  brown.  The  variation  i)roduced  in  the  colors  by  pure 
lards  is  doubtless  due  to  the  i^resence  in  various  quantities  of  certain 
tissues  of  the  animal  other  than  fat.  For  instance,  a  variation  in  the 
amount  of  gelatinous  substance  mechanically  entangled  with  the  lard 
or  of  the  tissues  comjiosing  the  cells  in  which  the  lard  was  originally 
contained  would  be  entirely  sufficient  to  account  for  the  slight  differ- 
ences in  color  produced  by  lards  of  known  purity.  It  might,  therefore, 
be  difficult  to  distinguish  accurately  between  a  pure  lard  containing  ^^.. 
considerable  amount  of  other  tissues  from  the  animal  and  one  which 
contained  a  small  amount  of  adulteration.  The  coloration  produced, 
therefore,  by  the  acids  named  should  not  be  relied  upon  wholly  in  di.s- 
tiuguishing  pure  and  adulterated  lards;  but  the  character  of  such 
coloration  should  be  carefully  noted  in  the  analyst's  book ,  In  the  steam 
lards  examined  some  of  the  remarks  describing  the  coloration  produced 
are  as  follows : 

^*  Trace  of  color,"  ''  faint  pink,"  ^'  bright  pink,"  "■  light  red,"  "  yellow- 
ish," etc.     For  i)ure  lards  of  miscellaneous  origin  some  of  the  descrip- 
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tions  are  as  follows  :  "Brownish  pink,"   "trace  of  yellow,"  "marked 
red  brown,"  "no  color,"  "sligiit  coloration,  etc. 

(d)  Refractive  index. — The  deviation  produced  in  the  direction  of  a 
ray  of  light  in  passing-  through  a  film  of  melted  fat  is  also  a  valuable 
physical  characteristic.  This  deviation  is  usually  measured  as  the  quo- 
tient ^  J  the  sine  of  the  angle  of  incidence  divided  by  the  sine  of  the  angle 
of  refraction  and  is  known  as  the  refractive  index.  The  refractive  index 
of  pure  water,  at  25^  on  the  instrument  used  in  these  investigations  was 
1.3300.  The  refractive  index  of  the  samples  of  lard  was  made  at  as  low 
a  temperature  as  j^ossible  to  preserve  fluidity,  viz :  between  30^  and  36^. 
In  the  tables  the  temperature  at  which  the  index  was  taken  is  not  given, 
but  the  number  representing  the  index  corrected  to  the  uniform  temper- 
ature 250.  The  rate  of  variation  in  the  refrative  index  for  each  degree  of 
temperature,  e'xperimentally  determined,  for  lard  oil  was  .000288.  This 
number  may  also  be  taken  to  represent  the  variation  for  lard.  There- 
i'ractive  index  varies  inversely  as  the  temperature.  The  mean  number 
for  a  pure  lard  at  25°  is  about  1.4G20.  The  variation  from  this  number 
can  be  seen  in  the  analytical  tables  which  follow.  The  refractive  index 
of  pure  lard  is  distinctly  less  than  that  of  cotton-seed  oil  at  the  same 
temperature,  and  is  therefore  a  valuable  characteristic  for  analytical 
])urposes. 

(e)  Rise  of  temperature  ivith  sulphuric  acid. — More  valuable  for  di- 
agnostic purposes  than  the  physical  properties  already  considered  is 
the  rise  of  temperature  which  lard  undergoes  when  mixed,  under  proper 
conditions,  with  sulphuric  acid.  There  is  such  a  marked  difference  be- 
tween the  numbers  representing  the  rise  of  temperature  in  x)ure  lard 
and  those  of  the  adultertints  usually  employed  in  the  manufacture  of 
mixed  lard  as  to  give  this  number  a  high  analytical  value.  With 
steam  lards,  ten  samjiles,  the  extremes,  as  registered  by  the  thermom- 
eter, were38.8o  and  42.1o.  For  pure  lards  of  miscellaneous  origin,  one 
from  Deerfoot  Farm,  Soiithborough,  Mass.,  gave  a  rise  of  temi>erature 
37.10,  and  a  pure  leaf  lard  from  Sperry  &  Barnes,  New  Haven,  Conn., 
a  rise  of  temperature  of  4G.2o. 

Tlie  value  of  this  characteristic  is  so  great  as  to  lead  me  to  expect  ap- 
proximately^ reliable  quantitative  results  from  a  general  determination 
of  the  actual  amount  of  heat  produced  in  an  appropriate  calorimeter. 
I  am  at  present  attempting  to  devise  an  instrument  by  which  the  actual 
number  of  calories  produced  by  mixing  definite  quantities  of  fats  and 
oils  and  sulphuric  acid  can  be  accurately  determined. 

(/)  Crystallization  point  offuitij  acids. — The  method  described  in  the 
work  of  Dalican  for  determining  the  crystallizing  points  of  fatty  acids 
gives  valuable  data  concerning  the  nature  of  pure  lard,  and  also  of  the 
relative  amount  of  stearic  and  oleic  acids  present  in  the  mixture.  The 
crystallizing  point  was  found  to  vary  in  the  ten  samples  of  prime  steam 
lard  already  mentioned  from  35. 4^  to  39. 5^.  In  jiure  lards  of  other 
kinds  the  variation  was  found  to  be  from  33. 1<^  to  42.7°. 
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{(/)  Melting  point  of  fatty  acids. — In  couueclioii  with  the  crystallizing 
point  of  the  fatty  acids,  the  meltin':;'  point  is  also  of  value.  This  tem- 
perature has  been  deterniined  in  the  fat  acids  derived  from  steam  and 
pure  lards,  and  the  numbers  will  be  found  in  the  analytical  tables.  In 
the  prime  steam  lards  these  numbers  vary  from  41. 4°  to  43°.  In  pure 
lards  of  other  kinds  the  variation  was  from  3G.9<^  to  4G.6o. 

B.— Chemical  Properties. 

((()  Volatile  acids. — Tlie  quantity  of  volatile  acid,  as  ordinarily  esti- 
mated in  a  pure  lard,  is  quite  minute.  Unless  some  suspicion  of  adul- 
teration is  awakened  the  search  for  such  volatile  or  soluble  acid  may  be 
omitted.  Measured  by  the  decinormal  alkali  solution  required  for  5 
grammes  of  the  fat  the  mean  quantity  of  volatile  acid  in  a  pure  lard  may 
vary  from  .2  to  .4  of  a  cubic  centimeter.  The  determination,  therefore, 
of  the  volatile  acid  in  the  examination  of  lards  has  none  of  that  high 
diagnostic  value  which  attaches  to  it  in  the  examination  of  butters. 

{b)  Fixed  acids. — The  quantity  of  iixed  acids  (non- volatile  and  insol- 
uble in  water)  in  lard  varies  from  93  to  95  per  cent. 

(c)  Free  acids. — The  quantity  of  free  acids  in  lard  rarely  exceeds  .5 
per  cent. 

Twelve  determinations  of  free  acids  in  lards  of  known  purity  gave  the 
following  numbers  expressed  as  per  cent. : 

.54     .92     .:^o     .75     .75     .35     ,65     .GO     .45     1.0     .40     .50 

(d)  Saponification  equivalent. — The  amount  of  caustic  alkali  necessary 
to  saponify  the  fatty  acids  of  the  common  glycerides  is  known  as  its 
saponiticalion  equivalent  or  number.  The  operation  is  usually  known 
as  Koettstoffer's  process.  The  number  of  parts  of  a  glyceride  saponi- 
fied by  one  equivalent  of  alkali  is  represented  by  one-third  of  the  molec- 
ular weight  of  the  glyceride  in  question.  The  saponitication  equivalent, 
therefore,  represents  the  number  of  grams  of  an  oil  or  fat  saponified 
by  one  equivalent  in  grams  of  an  alkali.  The  percentage  of  caustic 
potash  used  for  saponifying  a  lard  is  about  20  and  the  mean  saponifica- 
tion equivalent  about  285.  In  the  prime  steam  lards  examined  by  us, 
the  extreme  variations  were  27G.14  and  290.05,  and  the  mean  283.45. 
In  pure  lards  of  other  kinds  the  extremes  were  272. G4  and  294.14,  and 
the  mean  280.33. 

(6^)  Iodine  number — The  quantity  of  iodine  absorbed  by  an  oil  or  fat 
affords  one  of  the  most  valuable  indications  of  its  constitution.  The 
glycerides  of  the  olein  series  have  the  property  of  absorbing  the  halo- 
gens. On  the  other  hand  the- glycerides  of  the  steai'ic  series  do  not 
absorb  iodine.  Hence  in  a  fat  or  oil  from  which  tlie  presence  of  linolein 
and  its  analogous  bodies  can  be  excluded  the  quantity  of  iodine  absorbed 
may  become  a  fiiirly  accurate  measure  of  the  amount  of  oleic  acid  pres- 
ent. The  lard  derived  from  different  portions  of  the  swine  varies  largely 
in  the  amount  of  olein  contained  therein.  For  instance,  a  sample  of 
intestinal  lard  absorbed  57.34  per  cent,  of  iodine  ]  the  leaf  lard  from  the 
17319— i)t.  4 2 


418  FOODS  AND  FOOD  ADULTERANTS. 

same  animal  absorbed  52.55  per  cent.,  the  foot  lard  77.28  per  cent,  the 
bead  lard  85.03  i)er  cent.  Id  the  prime  steam  lards  mentioned  the  va- 
riation in  the  percentage  of  iodine  absorbed  was  from  60.34  to  66.47  per 
cent.,  and  the  mean  62.86  per  cent.  In  pure  lards  of  other  kinds  the 
mean  was  62.48  per  cent.  Thus  in  lards  of  known  purity  the  amount  of 
iodine  absorbed  will  indicate  the  probable  part  of  the  animal  from  which 
the  fat  in  the  lard  was  derived.  The  wide  variation  between  the  iodine 
numbers  of  pure  lard  and  those  of  the  adulterants  used  in  making  com- 
pound lard  serve  to  render  this  number  of  the  greatest  importance  in 
analytical  work. 

(/)  The  reaction  idtli  nitrate  of  silver. — Pure  lards,  treated  with  a  solu- 
tion of  nitrate  of  silver,  after  the  method  of  Bechi,or  the  fatty  acids 
thereof,  after  the  method  of  Milliau,  give  no  reduction  of  metallic  silver, 
or,  at  most,  only  a  trace  and  no  or  only  a  slight, coloration.  This  fact  is 
af  *the  utmost  importance  in  the  analysis  of  lard. 

{g)  Microscopical  appearances. — Lard,  examined  with  the  microscope, 
shows  a  definite  crystalline  structure,  but  does  not  plainly  reveal  the 
character  of  the  crystals.  When  lard  is  slowly  crystallized  from  ether, 
beautiful  rhombic  crystals  of  stearine  are  obtained,  which  are  easily 
distinguished  from  the  groups  of  fan  shaped  crystals  given  by  beef  or 
mutton  fat  under  similar  conditions. 

(h)  Moisture  in  lard. — The  quantity  of  water  in  pure  lard  varies  from 
a  mere  trace  to  .7  per  cent.  Twelve  determinations  showed  the  follow- 
ing per  cents. : 

.7     .4     .2     .5     .6     .5 
.2     .2     :d     .3     .3     .7 

(5)  PROPERTIES  OF  LARD  ADULTERANTS. 

COTTONSEED   OIL. 

A.— Physic  \L  Properties. 

(a)  Specific  gravity. — Cottonseed  oil  being  liquid  at  ordinary  temper- 
atures, its  specific  gravity  can  be  easily  taken  at  the  temperature  of 
the  room.  For  purposes  of  comparison,  the  rate  of  variation  in  the 
si^ecific  gravity  of  the  oil  can  be  determined  and  its  specific  gravity  at 
any  given  temperature  calculated,  or  its  specific  gravity  can  be  directly 
determined  at  35^,  40^,  or  100®,  as  may  be  desired,  by  comparison  with 
water  at  the  same  temperature.  In  the  sami)les  examined  the  specific 
gravities  of  the  oils  at  35®  vary  from.  .9132  to  .9154.  The  mean  for  nine- 
teen samples'^is  .9142.  These  numbers  show  the  relative  weight  of  the 
oil,  an  equal  volume  of  water  at  the  same  temperature  being  taken  as 
unity. 
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Specific  (jraviti)  of  refined  cotton  oil  at  different  temperature 
[Water  at  15^  C=^l.    Average,  oil  at  150:rx.9218— at  100°  .86S3.] 
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Tempera- 
ture CO. 

Specific 
gravity. 

1  Weight 

cubic  foot 

oil. 

Pounds. 
57.68 

Tenipera- 
tuie  CO. 

1 

Specific 
gravity. 

Weight 

cubic  foot 

oil. 

10 

.  9249 

56 

.8958 

Ponnds. 
55.86 

11 

.9243 

57.63 

57 

.8953 

55.  82 

12 

.  9237 

57.60 

58 

.8940 

55.78 

13 

.  9231 

57,55 

59 

.8910 

55.74 

14 

.9224 

57.51 

60 

.8934 

55.71 

15 

.9218 

57.49 

61 

.8927 

55.67 

IG 

.9212 

57.45 

62 

.8921 

55.63 

17 

.9206 

57.41 

63 

.8915 

55.59 

18 

.9199 

57.35 

64 

.8908 

55  55 

19 

.9193 

57.31 

05 

.8902 

55.51 

20 

.9187 

57.28 

66 

.8890 

55.51 

21 

.9181 

57.25 

67 

.8890 

55.48 

22 

.9174 

57.21 

1              68 

.8883 

55.39 

23 

.9168 

57.18 

69 

.8877 

55.35 

24 

.9161 

57.13 

70 

.8870 

55.31 

25 

.9155 

57.08 

71 

.8804 

55.28 

26 

.9149 

57.04 

72 

.8858 

55.25 

27 

.9143 

56.00 

73 

.8851 

55.20 

28 

.9136 

56.97 

74 

.8845 

55.16 

29 

.9129 

56.93 

75 

.8839 

55.13 

3C 

.9193 

56.  89 

76 

.8832 

55.19 

31 

.9117 

56.85 

77 

.8820 

55.05 

32 

.9110 

56.81 

78 

.8820 

55.01 

33 

.9105 

56.75 

79 

.8814 

54^98 

34 

.9098 

50.74 

80 

.8807 

54.94 

35 

.9092 

56.70 

81 

.8801 

54.90 

30 

.9086 

50.66 

82 

.  8795, 

54.86 

37 

.9079 

56.61 

.      83 

.8788 

54.80 

38 

.9073 

56.58 

84 

.8782 

54.76 

39 

.9067 

56.54 

85 

.8776 

54.73 

40 

.90C0 

56.50 

86 

.8769 

54.68 

41 

.9054 

56.46 

87 

.8763 

54.64 

42 

.9048 

56.42 

88 

.8757 

.54.  eo 

43 

.  9043 

56.38 

89 

.8751 

54.56 

44 

.9035 

56.34 

90 

.8744 

54.53 

45 

.  9029 

56.30 

91 

.8738 

54.49 

46 

.9022 

56.26 

92 

.8732 

54.45 

.        47 

.9016 

56.23 

93 

.8725 

54.40 

48 

.9010 

56.18 

94 

.8719 

54,36 

49 

.9004 

56.13 

95 

.8712 

54.31 

50 

.8997 

50.10 

90 

.8700 

54.28 

51 

.8391 

50.07 

97 

.8700 

54.24 

52 

.8981 

50.  03 

98 

.8695 

54.20 

53 

.8978 

55.99 

99 

.8089 

54.16 

54 

.8972 

55.  95 

ICO 

.8083 

54.10 

55 

.8960 

55.91 

: 

... 
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(b)  Melting  j;oi?tf.— Since  cotton  oil  solidifies  only  at  a  temperature 
near  or  below  the  freezing  point  of  water  its  melting  point  has  not 
been  determined. 

(c)  Color  reaction. — The  color  prodacedin  cotton  oil  by  sulphuric  and 
nitric  acids  is  a  characteristic  mark  of  the  greatest  value.  This  color 
varies  from  deep  reddish  brown  to  an  almost  black  color.  Some  of  the 
descriptions  of  the  color  produced  in  cotton  oil,  taken  from  the  note- 
book, are  as  follows :  ''dark  brown,"  "very  brown  black,"  "deep  red 
browr  "  very  red,"  "yellow  brown,"  etc.  It  must  not  be  forgotten, 
however,  that  these  colors  can  be  produced  by  other  oils,  and  hence 
their  occurrence  is  not  conclusive  evidence  of  the  presence  of  cotton  oil. 

{d)  Refractive  index. — The  refractive  index  of  cotton  oil  is  distinctly 
higher  than  that  of  lard.  The  variation  in  the  index  of  refraction  is  in- 
versely as  the  temperature.  The  mean  rate  of  variation  for  each  de- 
gree is  .000288.  For  a  temperature  of  25^  the  mean  refractive  index  of 
the  samples  examined  was  1.4674.  The  rate  of  variation  in  the  index 
of  refraction  in  cotton  oil  is  sensibly  the  same  as  that  for  lard. 

{e)  Rise  of  temperature  icith  sulplmric  acid. — The  rise  of  temperatui  e 
which  cotton  oil  suffers  when  mixed  with  sulphnric  acid  is  a  very  promi- 
nent diagnostic  sign.  In  the  samples  examined  the  lowest  increment 
of  temi)erature  noted  was  80.4^  and  the  highest  90.2°.  The  mean  rise  of 
temperature  was  85. 4o.  Cotton  oil,  therefore,  gives  more  than  double 
the  increment  of  temperature  shown  by  pure  lard  under  the  same  con- 
ditions. 

(/)  Crystallization  point  of  fatty  acids. — Since  cotton  oil  is  tluid  even  at 
low  temperatures  (viz,  0^)  the  determination  of  its  melting  point  is 
only  a  matter  of  scientiiic  interest.  Tlie  point  at  which  its  free  acids 
crystallize  is,  howev^er,  easily  determiued  according  to  the  method  of 
Dalican. 

The  mean  crystaUiziDg  point  of  the  acids  exauiined  was 33.  T) 

The  minimum  was 30.  5 

The  maximum  was 35.  G 

The  high  temperature  reached  in  the  crystallization  of  the  fat  acids 
is  a  peculiar  characteristic  of  cotton  oil.  In  lard  there  is  not  a  very 
great  difference  between  the  temperatures  indicated  by  the  melting 
point  of  the  glycerides  and  the  crystallizing  point  of  the  fat  acids.  In 
cotton  oil,  however,  these  temperatures  are  widely  removed. 

{(J)  Melting  point  of  fatty  «ci(7s.-^The  melting  point  of  the  free  acids 
of  cotton  oil  was  determined  both  in  capillary  tubes  and  by  observing 
the  deportment  of  the  acid  on  the  bulb  of  a  delicate  thermometer  pro- 
tected by  a  glass  flask.     The  two  sets  of  data  were  almost  identical. 

The  mean  melting  point  of  the  acids  examined  was 39.  1 

Maximum 44.4 

Minimum , , - - 34. 6 
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The  characteristics  mentioned  above  are  emphasized  when  the  melt- 
lug  point  of  the  fat  acids  is  considered.  These  numbers  seem  much 
higher  than  wouhl  be  expected. 

B.— Chemical  Pkoperties. 

(a)  VolatUe  acids. — The  statements  made  in  regard  to  the  volatile 
acids  in  a  pure  lard  are  also  apjdicable  to  cotton-seed  oil. 

For  5  grammes  of  cotton  oil  the  quantity  of  deci-normal  alkali  con- 
sumed is  slightly  greater  than  for  pure  lard  and  may  amount  to  as  much 
as  .5  cc. 

If  cocoa  oil  is  present  the  number  will  be  much  higher.  5  grammes  of 
pure  cocoa  oil  will  consume  from  .7  to  .8  cc  of  the  deci-normal  alkali. 

{b)  Saponification  equivalent. — In  the  samples  reported  the  mean 
saponification  equivalent  w^as  283.8,  although  in  some  instances  quite  a 
difference  was  noticed  from  this  figure. 

(c)  Iodine  number. — Cotton  oil  possesses  in  a  much  higher  degree 
than  lard  the  property  of  absorbing  iodine.  This  is  due  not  only  to  the 
large  percentage  of  oleic  acid  which  it  contains,  but  also  probably  to 
the  presence  of  a  small  amount  of  linoleic  acid  or  some  homologue 
thereof.  In  the  samples  examined  in  no  case  did  the  iodine  number  fall 
below  100  and  in  one  instance  it  rose  to  116.97.  The  mean  iodine  num- 
ber was  109.02. 

{d)  Reaction  icitli  nitrate  of  silver. — A  more  important  property  even 
than  its  power  of  absorbing  iodine  is  shown  by  cotton  oil  in  the  reduc- 
tion of  silver  to  the  metallic  state  under  certain  conditions.  The  test 
may  be  applied,  as  already  indicated,  either  to  the  oil  itself  or  to  the 
fatty  acids  thereof.  The  silver  is  either  reduced  in  the  form  of  a  metal- 
lic mirror  deposited  on  the  sides  of  the  vessel  or  in  minute  black  parti- 
cles which  give  a  brown  or  black  appearance  to  the  liquid.  In  some 
cases  the  liquid  shows  a  greenish  tint. 

OTHER  PROPERTIES. 

The  refined  cotton  oil  used  in  adulterating  lard  has  a  pleasant  taste, 
is  almost  odorless,  and  possesses  a  faint  yellow  color.  Its  resemblance 
to  olive  oil  is  so  marked  that  for  all  culinary  purposes  it  forms  an  ex- 
cellent substitute  therefor.  Cotton  oil  possesses  slight  drying  qualities 
which  render  it  unfit  for  lubricating  delicate  machinery.  Therefore  it 
can  never  take  the  place  of  sweet  oil  for  that  purpose. 

STEARINES. 

The  stearines  usediu  the  adulteration  of  lard  arc  derived  chiefly  from 
lard,  certain  parts  of  beef  fat,  and  cotton  oil.  These  are  generally  called 
]ard  stearine,  oleo-stearine,  and  cotton-oil  stearine,  respectively. 
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A. — Physical  PKorERTiES. 

(a)  Specific  gravity.— The  specific  gravity  of  stearines  may  be  taken 
in  their  solid  state  or  in  a  liquid  state  at  a  liigli  temperature,  40°  to  lOO^. 

(J))  Melting  point. — The  melting  points  of  the  stearines  are  higher 
than  the  natural  glycerides  from  which  they  are  derived.  A  prime  oleo- 
stearine  from  Armour  &  Co.,  Chicago,  showed  a  melting  point  of  51.9o. 
A  prime  lard  stearine  from  the  same  firm  showed  a  melting  point  of 
44.30,  which  is  only  slightly  higher  than  the  mean  melting  point  of  pure 
lards.  The  lowest  melting  point  of  any  stearine  examined  was  a  sample 
of  dead-hog  stearine  from  J.  P.  Squire,  Boston,  which  was  38.2o.  The 
highest  observed  melting  i^oint  in  the  stearines  examined  was  an  oleo- 
stearine  from  ^S".  K.  Fairbank  &  Co.,  Chicago,  showing  53.8o.  The  high 
melting  point  of  the  stearines  is  a  characteristic  of  great  value  in  the 
adulteration  of  lard  since  it  serves  to  counteract  the  influence  of  the 
cotton  oil,  whicii  of  course  tends  to  lower  the  melting  point  of  any  lard 
mixture  into  which  it  may  enter.  The  influeiice  of  the  various  con- 
stituents, however,  on  the  melting  point  does  not  seem  to  be  i^ropor- 
tional  to  the  respective  quantity  of  each  therein.  For  instance,  a  mix- 
ture of  25  i")er  cent,  of  cotton  oil  having  a  melting  point  below  zero,  with 
25  j)er  cent,  of  an  oleo-stearine  having  a  melting  point  of  only  about 
120  above  the  normal  for  pure  lard,  with  50  per  cent,  of  pure  lard  of 
normal  melting  x)oint,  might  not  show  a  lowering  of  the  melting  point 
at  all  proportional  to  the  presumable  influence  of  the  cotton  oil  present. 
The  cotton-oil  stearine,  as  might  be  expected,  has  a  melting  point  be- 
low that  of  the  similar  products  derived  from  lard  and  tallow. 

(c)  Color  reaction. — The  color  reactions  produced  in  the  stearines  by 
sulphuric  and  nitric  acids  are  much  the  same  as  those  produced  in  the 
original  glycerides  from  which  they  were  derived.  Cotton-oil  stearine 
shows  a  less  intense  color  perhaps  than  the  original  oil;  while  in  the 
case  of  tallow  and  lard  stearines  the  coloration  is  not  marked  enough  to 
be  susceptible  of  description. 

(d)  Refractive  index. — The  refractive  index  of  the  stearines  apj^ears 
to  be  slightly  lower  than  that  of  the  original  glycerides.  The  high  re- 
fractive index  w^hich  was  noticed  in  the  case  of  the  original  glycerides 
of  the  cotton-oil  was  also  found  in  the  stearine  from  that  source. 

(e)  Rise  of  temperature  icith  sulphur ic  acid. — With  the  lard  and  tallow 
stearines  no  degree  of  comparison  can  be  made  in  the  rise  of  tempera- 
ture with  that  x)roduced  in  the  original  glycerides,  on  account  of  the 
high  initial  temperature  which  is  necessary  for  the  conduct  of  the  ex- 
periment. Allowing  for  the  difference  in  initial  temperature,  however, 
the  stearines  deport  themselves  very  much  as  the  original  glycerides. 

B. —Chemical  Propeiities. 

(a)  Volatile  acids.— The  amount  of  volatile  acids  in  the  stearines 
mentioned  is  so  small  as  to  be  negligible. 
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(h)  Saponification  equivalent. — The  numbers  are  esscDtially  the  same 
as  those  of  the  original  glycerides. 

(c)  Iodine  number. — The  percentage  of  iodine  absorbed  by  the  stear- 
ines  is,  as  is  to  be  expected  from  the  fact  that  they  contain  less  tri- 
olein, markedly  less  than  that  of  the  original  glycerides.  The  fact  that 
the  stearines  possess  that  property  in  this  diminished  degree  is  of  quite 
as  much  importance  from  an  analytical  point  of  view  as  their  high 
melting  point.  Thus  the  mixture  of  a  stearine  with  a  low  iodine  num- 
ber with  cotton  oil  of  a  high  iodine  number  shows  a  percentage  of 
iodine  absorption  not  greatly  different  from  that  of  pure  lard.  One 
prime  oleo-stearine  examined  showed  an  iodine  absorption  of  only  17.38 
per  cent.  Another  oleo-stearine  showed  26.81  i)er  cent.  The  lard  stear- 
ines showed  higher  numbers,  viz,  in  two  cases  44.24  per  cent,  and  49.78 
per  cent.  The  cotton-oil  stearines  showed  iodine  numbers  varying 
from  85.28  per  cent,  to  99.39  per  cent. 

(d)  Reaction  with  nitrate  of  silver. — The  stearines  react  with  nitrate  of 
silver  in  a  manner  entirely  comparable  with  that  of  their  original  glyc- 
erides. The  colors,  however,  are  not  so  marked  nor  the  precipitate  of 
silver  quite  so  abundant  with  cotton-oil  stearines  as  with  the  oils  them- 
selves. 

(e)  Microscoincal  aiypearances. — Stearine  derived  from  beef  or  mutton 
tallow  shows  under  the  microscope  the  characteristic  fan  shaped  crys- 
tals already  noticed.  Lard  stearine,  on  the  other  hand,  gives  crystal- 
line groups  similar  to  those  already  mentioned  in  the  case  of  lard. 

(/)  Moisture. — Properly  prepared  stearine  contains  only  a  trace  of 
moisture. 

OTHER  ADULTERANTS  OF  LARD. 

It  has  been  claimed  that  other  substances  than  those  mentioned  have 
been  used  in  the  adulteration  of  lard,  but  these  claims  seem  to  rest  on 
no  valid  foundation.  Among  these  substances,  dead-hog  grease  or  dead- 
hog  stearine  is  the  one  most  frequently  mentioned.  The  term  dead-hog 
grease  is  used  to  indicate  the  oil  or  lard  obtained  from  animals  which 
die  of  disease,  or  are  smothered  in  transportation,  or  die  on  the  way  to 
the  slaughtering  houses.  The  fat  of  animals  very  recently  dead,  unless 
death  takes  place  from  disease,  and  taken  before  any  decomposition 
sets  in,  has  chemically  the  same  characteristics  as  that  derived  from 
animals  slaughtered.  If,  however,  the  animals  have  been  dead  some 
time  before  rendering  a  considerable  decomposition  of  the  glycerides 
takes  place  and  the  amount  of  free  acid  in  the  fat  is  thus  largely  in- 
creased. Such  fat  also  shows  a  distinctly  unpleasant  odor,  by  which  it 
can  readily  be  detected  from  genuine  lard.  Peanut  oil  and  some  other 
vegetable  oils  have  also  been  mentioned  as  adulterants  of  lard.  While 
it  may  be  true  that  many  attempts  have  been  made  to  use  the  above 
substances  in  the  adulteration  of  lard  on  a  small  scale,  it  is  also  quite 
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true  that  such  attempts  have  never  attaiued  any  imi^ortauce  from  a. 
commercial  point  of  view. 

(6)  PROPERTIES  OF  ADULTERxVTED  LARDS. 

In  external  appearances  to  an  unskilled  person  adulterated  lards  are 
not  appreciablv  difierent  from  tlie  pure  article.  An  expert,  however, 
is  generally  able  to  tell,  by  taste,  odor,  touch,  and  graiu,  a  mixed  lard 
from  a  pure  one.  There  is  usuallj^  enough  lard  in  the  adulterated  arti- 
cle to  give  to  it  the  taste  and  odor  of  a  genuine  one.  Mixtures  of  fat, 
however,  have  been  made,  and  perhaps  sold  as  lard,  which  contained  no 
hog  grease  whatever.*  In  the  following  descriptions  an  endeavor  has 
been  made  to  give  the  chief  characteristics  of  an  adulterated  lard  on 
the  same  plan  as  the  descriptions  of  pure  lard  and  the  adulterations 
thereof  which  precede. 

A.— Physical  Properties. 

(a)  Specific  gravity. — But  little  stress  can  be  laid  upon  the  numbers 
representing  the  specific  gravity  of  adulterated  lards  since  the  materials 
of  which  they  are  composed  have  nearly  the  same  specific  gravity  as 
the  pure  article.  The  addition  of  cotton  oil,  however,  raises  the  specific 
gravity,  and  when  this  substance  is  present  in  quantities  above  15  per 
cent,  its  influence  on  the  specific  gravity  of  the  sample  is  marked.  At 
350  the  specific  gravity  of  adulterated  lards  varies  from  .906  to  .910, 
compared  with  water  at  same  temperature. 

(h)  Melting  imint. — The  melting  point  of  the  adulterated  lards  is  iii 
most  cases  nearly  the  same  as -that  of  pure  lards,  but  in  some  samples 
lower.  This  arises  from  the  fact,  which  has  already  been  noticed,  of  the 
low  melting  point  of  the  cotton  oil,  which  is  one  of  the  principal  adul- 
terants used.  The  numbers  representing  the  melting  points  of  adul- 
terated lards,  which  will  be  found  in  the  following  tables,  emphasize  the 
fact  which  has  already  been  noted  that  the  lowering  of  the  melting  point 
is  not  theoretically  proportional  to  the  content  of  cotton  oil  found  in  the 
adulterated  lards  of  commerce.  In  a  number  of  samples  of  lards  con- 
taining cotton  oil  from  Fairbank  &  Co.  the  lowest  melting  point  found 
was  31.3^,  and  the  highest  11.9^,  and  the  mean  38.1o.  In  the  series  of 
samples  from  Armour  &  Co.  the  lowest  melting  point  noticed  was  38.9°, 
and  the  highest  43. 3°,  and  the  mean  10.6°.  The  melting  point  of  the 
Armour  samples  approaches  much  nearer  that  of  pure  kettle  rendered 
lard  than  those  received  from  Fairbaidi:  &  Co.  the  latter  being  nearly 
the  same  as  for  steam  lards.  Although  tbe  melting  i:)oint  is  not  of 
itself  a  property  of  very  great  importance  from  an  analytical  point  of 
view,  yet  its  determination  should  never  be  neglected  in  a  comprehen- 
sive analytical  examination. 

(c)  Color  reaction. — The  amount  of  coloration  shown  by  an  adulterated 

*  Cotolene  is  a  juixture  of  cotton  oil  and  oleo-steariue,  prepared  by  N.  K.  Fairbank 

&  Co.     It  is  sold  nudor  its  true  name  and  not  as  lard. 
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lard  when  treated  witli  sulphuric  or  nitric  acid,  depends  chiefly  upon 
the  percentage  of  cotton  oil  which  it  contains.  Since  from  a  commercial 
point  of  view  the  introduction  of  a  small  amount  of  cotton  oil  would  not 
prove  profitable,  we  find  in  the  adulterated  lards  of  commerce,  as  a  gen- 
eral rule,  strong  color  reactions.  It  might  be  possible,  however,  to  mix 
with  a  pure  lard  so  small  a  quantity  of  cotton  oil  as  to  render  doubtful 
to  the  analyst  the  character  of  the  color  reaction  produced.  Some  of 
the  colors  produced  in  the  adulterated  lards  examined,  as  copied  from 
the  notebooks,  are  as  follows :  '^ight  brown,"  "pink  red  brown,"  "light 
yellow  red,"  "  light  pink,"  "  deep  brown,"  "  red,"  "  deep  red  brown,"  etc. 
The  appearance  of  a  pinkish  tint  is  often  found  in  adulterated  lards 
containing  a  notable  portion  of  beef-fat  steariiie,  although  this  colora- 
tion is  not  considered  a  certain  indication  of  the  presence  of  this  sub- 
stance. 

{(l)  Refractive  index. — The  refractive  index  of  the  mixed  lards  naturally 
varies  with  the  proportion  of  cotton  oil  which  may  be  present.  The 
greater  the  quantity  of  cotton  oil  the  higher  the  refractive  index.  The 
refractive  index  of  the  Armour  mixed  lards  is  decidedly  lower  than  that 
of  the  Fairbank  samples.  The  following  is  the  number  representing 
the  mean  refractive  index  of  the  Armour  samples  at  25^,  viz,  1.4634. 
The  number  representing  the  mean  refractive  index  of  the  Fairbank 
sami>les  is  1.4C51.  The  refractive  index  is  a  much  more  important  prop- 
erty in  the  sorting  of  lards  than  the  melting  point. 

[e)  Rise  of  teinperature  with  sulpliuric  acid. — As  is  to  be  expected,  we 
find  here  also  great  variation,  depending  on  the  nature  and  the  quan- 
tity of  the  adulterants  present.  The  presence  of  tallow  stearine  tends 
to  diminish  the  rise  of  temperature  with  sulphuric  acid,  while  cotton- 
oil  has  the  opposite  effect.  As  the  relative  proportion  of  these  two 
ingredients  and  also  the  amount  of  pure  lard  varies,  we  may  expect 
corresponding  variation  in  the  temperature  shown  on  mixing  the  lard 
with  sulphuric  acid.  In  the  samples  of  Armour's  lards  examined,  the 
highest  rise  of  temx)erature  noticed  was  58.9°  and  the  lowest  42.1o. 
This  latter  number  is  almost  identical  with  that  furnished  with  i^ure 
lards.  In  Fairbank's  lards  the  least  rise  of  temperature  noticed  was 
51.30  and  the  greatest  G8.S0.  These  numbers  show  a  larger  proportion 
of  cotton,  oil  in  the  Fairbank  than  in  the  Armour  samples.  This  rise 
of  temperature  as  a  diagnostic  sign  is  valuable,  and  its  determination 
should  never  be  omitted. 

(/)  Crystallization  point  of  fatty  acids. — In  Armour's  lards  the  mean 
temperature  of  crystallization  for  the  fat  acids  w^as  found  to  be  39.8°. 
In  the  Fairbank  lards  it  was  37. 4°. 

(g)  Melting  ]^oint  of  fat  acids. — The  mean  melting  point  of  the  fat  acids 
in  the  Armour  samples  was  42.8°.  In  the  Fairbank  samples  it  was 
40.GO. 
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B.— Chemical  Properties. 

{a)  Volatile  acids. — The  remark  which  has  been  made  in  regard  to  the 
volatile  acids  of  pure  lards  and  their  adulterants  is  also  applicable  for 
mixed  lards.  The  amount  is  so  minute  as  to  be  of  no  value  from  an 
analytical  point  of  view. 

(b)  iSajmoiiJication  equivalent. — The  numbers  representing  the  sapon- 
ification equivalent  do  not  aftbrd  any  particular  indication  of  the  kind 
of  adulteration  used.  In  the  samples  of  Fairbank  mixed  lards  examined 
the  mean  saponification  equivalent  found  was  279.4,  In  the  Armour 
samples  it  was  275. 

(c)  Iodine  numher. — The  amount  of  iodine  absorbed  by  a  mixed  lard 
gives  a  valuable  indication  of  the  kind  of  the  ingredients  which  have 
been  added  to  it.  It  has  already  been  seen  that  the  stearines,  especially 
those  derived  from  tallow,  have  a  very  low  iodine  number,  while  cotton- 
seed oil  has  a  very  high  one.  It  is  therefore  possible  to  mix  these  two 
substances  together  so  that  the  resulting  iodine  number  may  be  about 
the  same  as  that  of  pure  lard,  viz,  GO  per  cent.  In  the  samples  of  the 
Armour  mixed  lards  examined  the  mixture  seems  to  have  been  made 
in  about  the  proportion  indicated.  The  lowest  iodine  number  observed 
in  these  lards  w-as  54.11  per  cent,,  which  is  decidedly  less  than  that  of 
normal  pure  lard.  The  highest  number  observed  was  71.19  per  cent. 
The  other  numbers  were  slightly  above  those  obtained  for  pure  lard. 
In  the  sami)les  of  mixed  lards  from  Fairbank  &  Co.  the  iodine  numbers 
are  much  higher.  The  lowest  number  observed  was  78.24  and  the  high- 
est 94.78  per  cent. 

{d)  Reaction  with  nitrate  of  silver.* — Mixed  lards  containing  cotton  oil 
show  areductionof  metallic  silver  in  a  greater  or  less  degree,  accordiugto 
the  proportion  of  cotton  oil  present.  In  every  case  where  cotton  oil  was 
known  to  be  present  in  a  mixed  lard  this  reaction  was  noticed.  It  would 
be  i^ossible,  however,  to  put  so  small  a  portion  of  cotton  oil  into  a  lard  as 
to  render  difficult  the  positive  detection  of  it  by  the  nitrate  of  silver  test. 

{e)  jiricroscopic  ap][)earances. — The  mixed  lards,  under  the  conditions 
described  further  on,  show  in  the  field  of  vision  of  the  microscope  dis- 
tinct tufted  crystals  of  the  stearines  which  have  been  used  as  adulter- 
ants. The  rhombic  crystals  of  pure  lard  are  also  often  noticed  in  this 
field. 

(/)  Moisture  in  mixed  lards. — Mixed  lards  generally  contain  only  a 
trace  of  water.  In  one  instance,  however,  water  appears  to  have  been 
added  as  an  adulterant,  over  30  per  cent,  of  it  having  been  found.  The 
use  of  water  as  an  adulterant  of  lard,  however,  is  not  common. 

*  Later  observations  show  that  in  samples  kept  for  several  months  the  reaction 
with  nitrate  of  silver  is  indistinet  and  in  some  cases  entirely  absent. 
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Comparison  of  properties  of  lard  and  compound  lards. 

The  mean  results  of  the  analytical  data  are  as  follows: 
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STATISTICS  OF  THE  LARD  INDUSTRY. 

It  was  developed  in  the  investigations  before  the  Committees  on  Ag- 
riculture of  the  Senate  and  House  of  Representatives  that  the  annual 
production  of  lard  in  the  United  States  is  000,000,000  pounds,  of  which 
abouthalf  is  pure  lard  and  the  other  half  pure  lard  mixed  with  steariue 
and  cotton  oil,  the  "  refined  "  or  compound  lard  of  commerce.  The  an- 
nual exports  of  lard  are  about  320,000,000  pounds,  of  which  about  40 
per  cent,  were  compound  or  refined  lard.* 

According  to  the  figures  furnished  by  the  Bureau  of  Statistics,  the 
production  of  lard  from  1877  to  1887,  inclusive,  was  as  follows  : 


Tears. 

Total. 

Tears. 

1 

Total. 

1886-'87 

1885-86 

Pounds. 
527,  032,  000 
514,  230,  000 
480,  405,  000 
444, 450,  COO 
419,  513,  000 

18S1-'S2 

Pounds. 
4G8,  929,  000 
517,  6G0,  000 
479,  020,  000 
514,  29.5.  OCO 
404,  572,  000 

1880-81 

1879-"80 

18S4-'85 

1883-"84 

;  1878-79 

1  1877-78      .. 

1832-83 

*  Statement  of  Mr.  G.  H.  Webster  before  House  Committee  ou  Agriculture, 
of  Hearings,  p.  2G. 
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The  exports  from  1873  to  1888  are  shown  by  the  following  uumbers 


Years. 

Lard  exported. 

Tears. 

Lard  exported. 

1873 

1874 

1875 

1876 

1877 

1878 

1879 

Founds. 
234,  901,  511 
184, 100,  226 
1G7,  579,  377 
198,  008,  212 
237,  744,  307 
345,  693,  527 
343, 119,  208 
405,  436,  658 

! 

1881 

Founds. 
335,  001,  686 
239,  904,  657 
273,  236,  610 
228, 165,733 
301,  305, 105 
298,  083,  094 
324,  515,  224 

1882 

1883           .   . 

1881 

1885 

1886 

1887 

[ 

1880 

If  we  take  the  percentage  of  cotton  oil  in  the  corapound  lard  at  40, 
the  total  weight  of  oil  nsed  in  manufacturing  mixed  lard  is  120.000,000 
pounds. 

In  addition  to  this,  large  quantities  of  cotton  oil  are  used  for  salad 
dressing  and  culinary  operations  and  in  the  manufacture  of  a  substitute 
for  lard,  cotolene,  which  contains  no  hog  grease  whatever. 

METHODS   OE   ANALYSIS   E3IPL0YED. 

The  processes  employed  in  conducting  the  analytical  work,  the  re- 
sults of  which  follow,  will  now  be  briefly  described. 

METHOD    OF    TAKING   THE    SPECIFIC    Or.AVITY. 

(«)  By  the  picnometer.— Two  kinds  of  specific  gravity  flasks  have  been 
used  in  the  determinations  of  the  specific  gravities,  as  represented  in 
Fig.  17,  viz,  a  plain  flask  with  a  stopper  having  a  capillaiy  perforation 
and  a  flask  carrying  a  stopper  to  which  is  attached  a  delicate  thermom- 
eter. If  the  specific  gravity  is  to  be  taken  at  a  temperature  of  100°  or 
•that  of  boiling  water,  the  plain  flask  is  preferable  ;  if,  however,  it  is  to 
be  taken  at  some  temperature  below  that  point,  for  instance,  40^,  the 
flask  with  the  thermometer  is  used.  The  manipulation  in  both  cases  is 
the  same. 

[h)  Graduation  of  the  JlasJcs. — The  flasks,  having  been  cleaned,  are 
rinsed  with  alcohol  and  ether  and  thoroughly  dried,  care  being  taken 
that  the  ether  and  alcohol  vapors  are  removed  from  the  interior  of  the 
flask.  The  flask,  after  it  is  cleaned,  should  be  handled  with  dry  fingers 
or  with  forceps.  The  stopper  having  been  inserted,  the  dried  and 
cleaned  flask  is  weighed  empty  at  the  temperature  of  the  balance  room. 
If  the  flask  be  wiped  with  a  silk  handkerchief  or  towel  before  weighing 
it  should  be  allowed  to  stand  fifteen  minutes  in  the  balance  before  the 
final  w^eights  are  taken.  The  flask  is  now  filled  with  recently  boiled  dis. 
tilled  water  w^hich,  to  avoid  mixing  with  air,  has  not  been  shaken.  It 
is  placed  in  a  bath  of  distilled  water  in  a  vessel  with  a  flat  bottom. 
The  bath  should  contain  as  much  water  as  is  possible  to  avoid  flowing 


LARD    AND    LARD    ADULTERATIONS. 


429 


into  the  open  neck  of  the  flask.  If  the  bath  is  to  be  kept  at  the  boiling 
temperature  the  flask  sh<^ikl  be  held  steady  by  a  wire  attached  to 
the  edges  of  the  vessel  or  by  some  other  means.  If  the  specific  grav- 
ity is  to  be  taken  at  a  lower  temperature  than  boiling  water,  say  40^', 
the  flask  having  been  filled  with  distilled  wati^r  at  a  temperature  be- 
low 10^,  as  described  above,  is  closed  with  the  stopper  carrying  the  ther- 
mometer, which  is  pressed  flrmly  to  its  place,  care  being  taken  that  no 
air  bubbles  are  occluded.  The  temperature  of  the  bath  is  then  raised 
slowly  until  it  reaches  40^  to  41°.  The  temperature  of  the  bath  is  taken 
with  another  thermometer.  The  thermometer  of  the  flask  is  carefully 
watched,  especially  as  it  approaches  the  required  point.    When  the 


Fig.  17. 


temperature  of  the  bath  is  only  slightly  above  that  required  the  final 
temperature  is  reached  only  after  some  time,  usually  about  one-half 
hour.  The  moment  the  required  temperature  is  reached  any  water  on 
top  of  the  capillary  tube  is  removed  with  blotting  paper,  the  cap  is 
placed  upon  the  capillary  tube  and  the  picuometer  taken  from  the  bath; 
it  is  at  once  wiped  perfectly  dry  and  placed  in  the  balance,  where  it  is 
allowed  to  remain  until  the  temperature  indicated  by  the  thermometer 
is  sensibly  that  of  the  balance  room  ;  it  is  then  weighed  and  the  weight 
of  distilled  water  which  it  contains  at  that  temperature  determined. 
^Yhen  the  determination  is  to  be  made  at  the  temperature  of  boiling 
water  the  specific-gravity  flask  is  secured  in  the  bath  as  indicated  and 
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filled  with  recently  boiled  distilled  water.  The  water  in  the  bath  is  then 
brought  to  the  boiling  point  hy  means  of  a  lamp  and  the  boiling  con- 
tinued for  one  half  hour.  Any  evaporation  which  may  take  place  from 
the  specific-gravity  flask  is  replaced  by  adding  a  few  drops  of  boiling 
distilled  water.  At  the  end  of  the  half  hour  the  stopper  of  the  flask  is 
quickly  inserted  and  firmly  pressed  into  its  position,  any  water  remain- 
ing on  the  top  of  the  stopper  being  removed  by  a  piece  of  filter  paper. 
The  flask  is  then  removed  from  the  bath,  wiped  perfectly  dry,  i^laced  in 
the  balance  and  weighed  as  soon  as  it  reaches  the  temperature  of  the 
balance  room.  The  weight  of  the  distilled  water  which  (he  flask  con- 
tains at  the  given  temperature  having  been  determined,  the  flask  is 
rinsed  with  alcohol  and  ether  and  dried  as  in  the  first  instance.  It  is 
then  filled  with  the  fat,  the  specific  gravity  of  which  is  to  be  deter- 
mined, with  the  same  precautions  as  were  used  in  determining  the 
weight  of  water.* 

Examjyle  of  sjjccijic  gravity  of  fat,  at  100^  {hoiling  distilled  water). 

Grams. 

Weight  of  flask,  empty 11.0956 

Weight  of  flask+water  at  100° , 39.6216 

Weight  of  water 28.5260 

Weight  of  flask  with  fat  at  100° 36.8691 

Weight  of  fat 25.7635 

Specific  gravit3-=25.7635— 28.5260:^.90316. 

(c)  By  the  Westphal  balance. — The  specific  gravity  of  a  fat  can  be 
accurately  determined  by  a  modification  of  the  balance  known  as  the 
Westphal.    This  instrument  is  shown  in  Fig.  18. 

The  principle  of  the  apparatus  may  be  briefly  stated  as  follows :  A 
glass  bob  is  so  adjusted  as  to  be  capable  of  displacing  a  given  iium.ber 
of  grames,  five,  for  instance,  of  distilled  water  at  a  given  temperature 
when  w^holly  immersed  in  the  liquid  and  suspended  by  a  fine  platinum 
wire.  These  bobs  may  be  had  graduated  for  any  temperature,  but  most 
conveniently  for  those  already  named,  viz,  35^  or  40°  and  lOOo.  It 
is  necessary  for  accurate  work  with  this  instrument  that  the  temper- 
ature of  the  fat  or  oil,  the  specific  gravity  of  w^hich  is  to  be  determined, 
should  be  exactly  that  for  which  the  bob  is  graduated,  as  even  a  slight 
variation  from  the  prescribed  temperature  will  produce  a  serious  eiror  m 
the  result.  In  order  to  secure  greater  accuracy,  especially  for  taking 
specific  gravities  at  a  temperature  of  40^,  a  fine  analytical  balance  can  be 
substituted  for  the  AYestphal  instrument.  Such  a  balance  arranged  for 
use  in  this  way  is  represented  in  Fig.  19.     It  is  inconvenient,  bowevex, 

*  To  facilitate  the  escape  of  any  occluded  air  in  placing  the  stoppers  in  the  flasks,  I 
have  had  the  stoppers  constructed  with  a  concave  bottom,  the  center  of  ,:he  concavity 
being  at  the  opening  of  the  capillary  tube.  The  toj)  of  the  stopper  is  also  ground  to 
a  fine  edge,  so  that  any  liquid  that  may  issue  from  the  capillary  tube  may  flow  away 
and  thus  escape  absorption, 
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to  use  the  ordinary'  balance  for  this  method  for  temperatures  near  the 
boiling  point  on  account  of  the  difficulty  of  conducting  the  condensed 
vapors  out  of  the  balance  case.  For  our  work,  therefore,  we  have  used 
this  balance  only  for  lower  temperatures. 


lHi:iDEMA/1.SC 


FiCx.  18. 


DESCKIPTION   OF   INSTRUMENT. 

The  Mohr  or  Westphal  balance  is  well  illustrated  in  the  figure.  The 
position  of  the  instrument  is  shown  in  equilibrium.  The  bob  is  fur- 
nished with  a  delicate  thermometer.  If  the  bob  be  graduated  for  the 
displacement  of  exactly  5  grams  of  distilled  water  at  35°,  for  instance, 
a  deep  red  line  indicates  that  point.  The  weights  are  determined  on 
the  principle  of  the  ordinary  rider.  There  is  one  weight  for  the  5 
grams  and  one  for  each  5  of  decimal  places  of  the  under  gram  weight. 
The  beam  is  so  adjusted  as  to  be  in  exact  equilibrium  when  the  dry  bob 
is  suspended  in  air.  It  is  divided  into  ten  parts.  The  big  weight  counts 
5  when  placed  directly  over  the  suspension  point  of  the  bob;  4.5  when 
placed  at  9;  4.0  when  placed  at  8,  etc.;  when  a  lighter  weight  falls 
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ou  the  same  figure  with  a  heavier  it  is  suspended  from  the  hook  of  the 
latter. 


!^^^Q    ® 


'^SCHOLL.^il. 


Fig.  19. 


For  liquids  lighter  than  distilled  water  the  numbers  ou  the  beam 
may  be  takeu  to  represent  the  specific  gravity. 

Example. 

Let  the  5  g  weight  be  at  9. 
tlie  .5  g  weight  be  at  1. 
the  .05  g  weight  be  at  4. 
the  .005  g  weight  be  at  5. 


If  the  beam  is  in  equilibrium  at  this  disposition  of  the  weights  aud 
the  temi)erature  of  the  liquid  that  of  the  red  mark  on  the  bob,  the  spe- 
cific giavit}^  would  be  .9145.  The  actual  weight  of  liquid  displaced 
would  be  4.5725  g,  which  divided  by  5  =  .9145. 

Before  beginning  work  with  the  balance  the  bob  should  be  carefully 
graduated  in  pure  distilled  water,  recently  boiled  and  at  the  required 
temperature.  Any  variation  in  the  caliber  of  the  bob  is  thus  deter- 
mined, aud  any  necessary  correction  can  be  introduced  into  the  result 
obtained. 

To  change  the  expression  of  the  specific  gravity  from  direct  compari- 
son with  water  at  any  given  temperature  to  tbe  standard  of  water  at 
15.50  or  40,  the  factor  of  the  co-efficient  of  expansion  of  water  must  be 
introduced.     One  cubic  centimeter  of  water  at  35°  weighs  99.418  g. 
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Therefore  a  bob  wliicli  displaces  5  g  of  water  at  35°  has  a  volume 
5.029CC.  This  volume  of  water  at  4°  would  weigh,  therefore,  5.029  g. 
The  above  specific  gravity  referred  to  water  at  4°  would  be  4.5725-^ 
o.029  =  .9092. 

In  tabular  form  the  above  data  are  as  follows: 

Grams. 

Weight:  of  5.029cc  oil  at  35^ 4.5725 

Weight  of  5.0-29CC  water  at  35° 5.0000 

Weight  of  5.029CC  of  water  at  4^ 5.0290 

Relative  weight  of  oil  at  35°  to  water  at  35°  equals 9145 

Relative  weight  of  oil  at  35°  to  water  at  4°  equals 9092 

The  chauge  iu  volume  of  a  fat  or  oil  for  each,  degree  of  temperature 
is  approximately  .OOOTcc  for  each  cubic  centimeter  of  the  oil.  The 
weight  of  a  given  volume  of  an  oil  having  been  determined  at  any 
temperature,  its  weight  at  the  required  temperature  can  be  approxi- 
mately calculated. 

Thus,  in  the  above  case — 

Grams. 

5.029cc  of  oil  at  35°  weighs 4.  5725 

Then5.029cc  of  oil  at  4°  weighs 4.  G707 

Then  relative  weight  of  oil  at  4°  to  water  at  4°  equals 9307 

Then  relative  weight  of  oil  at  4°  to  water  at  35°  equals 9342 


IN  A  SOLID   CONDITION.* 

(a)  Estimation  of  specific  gravity  at  zero. — A  i^latinum  crucible  con- 
taining about  20cc  is  furnished  with  a  fine  platinum  bail,  which  is  fast- 
ened through  two  small  holes  drilled  into  the  crucible  at  opposite  points 
near  the  upper  edge.  To  the  handle  of  the  crucible  at  the  central  point 
is  fastened  a  fine  platinum  wire,  furnished  with  a  loop  above,  by  means 
of  which  it  is  suspended  from  the  hook  of  the  balance.  The  crucible  is 
weighed  empty  and  then  in  water  at  zero.  This  is  accomplished  in  the 
following  way : 

The  pan  of  the  balance  is  i:)roteced  by  a  wooden  bench  iu  the  ordinary 
way  in  taking  specific  gravities,  and  on  this  bench  is  x^Iaccd  a  large 
beaker  glass  containing  a  smaller  one.  The  space  between  the  two 
beakers  is  filled  with  finely-powdered  ice  and  the  small  beaker  is  nearly 
filled  with  distilled  ice-water.  The  platinum  crucible  is  suspended  at 
such  a  height  as  to  allow  it  to  be  wholly  iinmersed  in  the  water,  includ- 
ing the  bail  and  a  small  portion  of  the  suspending  platinum  wire.  The 
weight  of  the  crucible  having  been  determined  in  the  water,  it  is  taken 
out,  carefully  dried,  and  about  15  grams  of  the  filtered  and  melted  fat 
placed  in  it.  The  fat  is  allowed  to  solidify  slowly  at  ordinary  tempera- 
tures.   The  crucible  with  fat  is  then  weighed  in  the  air  and  placed  in 

^  Wollny,  Milch  Zoitung,  1888,  No.  25  ct  seq. 
17319-pt.  1 3 
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the  ice-cold  water  as  before  and  weighed.    Before  weighing  it  should 
be  allowed  to  stand  for  one  hour  in  the  water  at  zero. 

Let  t'  represent  the  weight  of  the  empty  crucible  in  the  air. 

Let  V'  represent  the  weight  of  the  empty  crucible  in  the  water. 

Let  b'  represent  the  weight  of  the  filled  crucible  in  the  air. 

Let  b''  represent  the  weight  of  the  filled  crucible  in  the  water. 

Let  S  represent  the  specific  gravity.    Then  S  is  computed  as  follows : 


h^'^t'^t^f 


(b)  In  the  same  manner  the  specific  gravity  can  be  computed  at  15°, 
20°  or  250,  or  at  any  higher  temperature  at  which  the  fat  or  stearine  will 
remain  in  solid  condition. 

(c)  SjyeciJiG  gravity  hy  SprengeVs  tube. — (For  account  of  this  method  of 
procedure  consult  Allen's  Commercial  Organic  Analysis,  vol  1,  page  5.) 

Much  confusion  has  arisen  concerning  the  real  meaning  of  the  spe- 
cific gravities  reported  for  lards  and  lard  adulterants  because  of  failure 
on  the  part  of  the  authors  to  state  all  the  conditions.  All  statements 
of  specific  gravities  should  be  accompanied  by  the  temperature  at  which 
they  were  taken  and  the  temperature  of  the  equal  volume  of  water  with 
which  they  are  compared.  It  would  be  convenient  if  some  uniform 
practice  of  stating  si^ecific  gravities  could  be  adopted  by  all  analysts. 

(d)  Notes  onmetJwds  of  cominiting  specific  gravities. — The  rates  of  expan- 
sion of  lard  and  the  fat  oils  used  as  lard  were  carefully  studied  by  Dr. 
C.  A.  Grampton,  and  I  insert  here  his  observations  thereon. 

All  the  determinations  were  made  very  carefully  bytlie  methods  described,  and  the 
figures  given  are  in  all  cases  the  average  of  two  or  more  duplicates.  In  the  densities 
taken  at  low  temperatures  the  flasks  filled  with  the  samples  were  placed  in  a  vessel 
containing  water  somewhat  above  the  temperature  at  which  the  determination  was 
to  be  made,  and  when  it  had  dropped  to  this  point  they  were  carefully  stoppered,  taken 
out  of  the  vessel,  allowed  to  cool,  and  weighed.  The  determinations  at  high  temper- 
ature were  made  by  placing  the  flasks  in  an  oil  bath.  The  heat  was  raised  ^)  as  high 
a  point  as  was  deemed  safe,  and  at  the  temperatures  used,  190°  to  200°  C,  there  was 
scarcely  a  darkening  of  the  contents  of  the  flasks,  and  I  am  convinced  that  no  decom- 
position h?.d  taken  place  which  would  alter  appreciably  the  density  of  the  samjjle. 
From  the  densities  taken  at  these  two  widely  different  temperatures  the  mean  in- 
crease in  density  and  the  mean  co-efficient  of  expansion  was  determined  for  each 
sample. 

The  formula  used  lor  this  was  the  one  usually  given  in  the  books  :* 

,      Do -Do' 

O  : 


{t'-t)J)o' 


in  which 


Do  =  density  at  the  lower  observed  temperature. 
Do'  =  density  at  the  higher  observed  temperature. 

t  =  lower  temperature. 

t'  =  higher  temperature. 

*  Watts  Dictionary,  Vol.  Ill,  p.  71.) 
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Although  it  appears  to  me  that  the  formula  as  follows  would  be  more  correct — 

Do— Do' 


or,  sHll  better: 


{t-t')Bo 


Do -De 


(^'-Ox— ^' 


Great  confusion  exists  in  chemical  literature  in  the  expression  of  specific  gravities. 
I  have  referred  all  my  results  to  water  at  4°  C,  believing  that  eventually  all  specific 
gravities  will  be  stated  in  these  terms,  as  is  the  custom  in  continental  Europe. 

The  absolute  densities  are  calculated  from  the  formula  ^  =  d  -\-k,  in  which 

z/  :=  Co-efficient  of  absolute  exxiansion. 

d  ■=  Co-efficient  of  ap]3arent  expansion  in  glass. 

K  ^=  Co-efficient  of  cubical  expansion  of  glass  =.000025. 

The  weights  were  not  reduced  to  a  vacuum,  and  no  correction  was  made  for  the 
thread  of  mercury  projecting  above  the  bulb.  The  specific  gravities  of  the  difl:ereut 
samples  at  various  temperatures  are  also  given  in  the  the  last  colum|is  of  the  table, 
these  having  been  calculated  by  means  of  the  co-efficients  of  expansion. 
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Specific  gravities  of  fats  and  oils  at  various  temper 
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Lards. 

°C. 

o  C. 

5G74 

Leaf  lard  rendered  in  laboratory  TJ.  S.  Department 
Agriculture 

m^ 

.  89679 

.  897C9 

mi 

.  80475 

5G73 

Intestinal  lard  rendered  in  laboratory  U.  S.  Depart- 
ment Agriculture  

mi 

. 89635 

.  89725 

mi 

.80315_ 

5G72 

Head  lard  rendered  in  laboratory  IT.  S.  Department 
A  griculture 

mi 

.  89816 

.  89906 

mi 

. 80512 

5591 

Squires'  pure  lard,  made  by  J.  P.  Squires  «fc  Co., 
Boston,  Mass 

mj 

. S9700 

. 89790 

mj 

.  8G319 

5606 

Cassard's  pure  lard,  made  by  Cassard  &  Co.,  Balti- 
more, Md 

m.i 

.  89848 

. 89938 

m.i 

.80888 

5610 

Armour's  compound  lard,  made  by  Armour  &,  Co., 
Chicago,  HI 

m.i 

. 89940 

.  90030 

m.i 

.  80646 

5611 

Armours  compound  lard,  made  by  Armour  &  Co., 
Chicago  Dl. ....... ...... .......... 

mj 

. 89854 

.89944 

mti 

. 80522 

5646 

Fairbank's  compound  lard,  made  by  Fairbant  &  Co., 
Chicago,  lU 

(+40) 

l+ii 

.  90000 

.  90090 

mJ 

. 80724 

Lard  stearines. 

5613 

Lard  stearine  used  in  Armour's  compound  lard 

C+50) 

!  +  4S 

.88836 

. 88951 

mj 

. 79579 

5643 

Lard  stearine  used  in  Fairbank's  compound  lard 

C+50) 
(  +  4* 

.88850 

.88965 

C+200? 
^-4-    45 

. 79677 

Beef  fat  and  oleo-stearines. 

5607 

Pure  beef  fat  from  the  testicle,  obtained  from  Prof. 

S.  P.  Sharpless 

mj 

. 8S99S 

.  89113 

mj 

. 80289 

5612 

Oleo-stearine,  used  in  Armour's  compound  lard 

mi 

. 88615 

.  88730 

C  4  200  ? 
1+    45 

.79487 

5644 

Oleo-stearine,  used  in  Faii-bauk's  compound  lard 

Cottonseed  stearine. 

m:i 

.  88523 

.  88638 

m.i 

.  79286- 

5675 

Cottonseed  stearine,  obtained  from  Prof  D.  "Wesson  . 

m.i 

. 90313 

. 90403 

mJ 

.  80689 

Cottonseed  oils. 

5687 

Crude  cottonseed  oil,  obtained  from  Prof  D.  Wesson 

13^ 

.  91548 

. 91595 

mj 

.81118 

5682 

Crude    cottonseed    oil,    obtained    from    Southern 

Cotton  Oil  Trust 

m.i 

.91744 

.  91791 

^+190? 

. 81573 

1+    45 

5681 

Summer  yellow  cottonseed  oil.  obtained  from  South- 

ern Cotton  Oil  Trust 

m.i 

. 91589 

. 91636 

m.i 

.  81021 

5684 

Summer  white  cottonseed  oil,  obtained  from  South- 

ern Cotton  Oil  Trust 

C-f23? 
1+  45 

.  91578 

. 91625 

mj 

.  80959 

5685 

Winter  yellow  cottonseed  oil,  obtained  from  South- 

mi 

mj 

ern  Cotton  Oil  Trust 

.  91623 

.  91673 

.  80525 

5686 

Winter  white  cottonseed  oil,  obtained   from  South- 

m.i 

ern  Cotton  Oil  Trust 

5  +2^  I 

.01636 

.91686 

.  81017 

1+  45 

5645 

Eefined  cottonseed  oil  used  in  Armour's  compound 
lard . 

mi 

.  91667 

.91714 

mj 

.  80925 

"" 

j                                         Olive  oils. 

5617  1  Pure  olive  oil,  obtained  from  Z.  D.  Gilmau.  Wasli- 

mj 

ington,  D.  C 

mA 

.  91079 

.91126 

.  80430 

5024 

Pure  olive  oil,  obtained  from  Prof  S.  P.  Sharpless  . . . 

{$^n 

.  91034 

.91081 

mj 

.  80538 
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atures,  iciih  mean  co-efficient  of  exj)ansio>i. 
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! 

+  15.  50 

,  +40° 
"=+  40 

-54: 

+  40 

p 

'3 

'^-+40 

°  a 

.  80940 

C+40? 
i+190  5 

.  0006136 

. 0007G24 

. 0007874 

.91181 

. S9G79 

.  S90G5 

. 85997 

5674 

. 80780 

^-4-40^ 
.Ul00  3 

. 0000213 

. 0007736 

.  00079S6 

.91157 

. 89635 

. 89014 

. 859D7 

5673 

.  80977 

?-h  40? 
i+190  3 

. 000G2C3 

. 0007704 

. 0007954 

. 91336 

. 89316 

.89195 

. 86094 

5672 

. 8G546 

(+40? 
<  +  95  3 

.  0000147 

. 0007122 

. 0007372 

. 9120G 

. 89700 

. 89085 

.  80012 

5591 

.  81345 

C+40? 
i+187  3 

. 0006095 

. 0007535 

.0007785 

.91341 

. 89848 

.  89238 

. 86191 

5606 

.  81111 

C+40? 
(+190  3 

. 0006196 

.  00C7683 

.  0007933 

. 91458 

. 89940 

.  89320 

.  86222 

5310 

.  809S7 

(+40? 
I  +ltO  3 

. 0006221 

.  0007726 

. 0007976 

.91378 

. 89854 

. 89232 

.86121 

5611 

.  81189 

C+40? 
i+190  3 

. 0006184 

.  0007660 

. 0007910 

.91515 

. 90000 

. 89382 

.  86289 

5646 

.  800G9 

C+50? 
i  +200  3 

.0006171 

. 0007755 

. 0008005 

. 90965 

.  89453 

. 88836 

.  85750 

5613 

. 801G7 

^+50? 
'  +200  3 

.  000G115 

.  0007675 

.  C007925 

. 90959 

. 80461 

.  8SS50 

.85792 

5643 

. 80754 

(+50? 
i  +190  > 

.  0006221 

.  0007748 

. 0007998 

. 91144 

.  89620 

. 88998 

. 85S88 

5G07 

. 79977 

(+50? 
t  +200  3 

.  O0OGC85 

.  0007056 

. 0007900 

. 90714 

.  89223 

.88615 

. 85572 

5612 

. 79776 

(+50? 
>  +200  3 

. 0006158 

.  0007767 

. 0008017 

. 90647 

.  89138 

. 88523 

.85414 

5644 

.  81154 

C+40? 
^+190  3 

.  O0OG416 

. 0C07951 

. 0008201 

.  91884 

,  90313 

.89671 

.  86163 

5675 

.81583 

C+23? 
i+190  3 

.  0006245 

. 0007699 

.  0007949 

. 92016 

.  90486 

. 89862 

. SG739 

5687 

. 82038 

f  +  23  ? 
^+190  3 

.  00OG09O 

. 0007466 

.0007716 

. 92200 

.  90708 

. 90C99 

.87054 

5682 

. 8148G 

C+23? 
^  +190  3 

.  0006328 

.  0007813 

.  0008063 

.  92063 

.  90514 

. 69880 

.  86710 

5683 

.81424 

C+23? 
^  +190  3 

.  0006359 

.  0007858 

.  0008108 

. 92055 

.  90497 

.  89861 

.  8668 1 

5684 

. 80990 

C+  24? 
^  +190  3 

. 0006685 

.  0008302 

.  0008552 

,  92191 

.  90553 

. 89885 

.  86542 

5085 

. 8148i 

J +24? 
^  +190  3 

. 0000397 

.  0007896 

. 0008146 

.92179 

.  90612 

.  89972 

.  86774 

5686 

.81390 

^+  23  ? 
i  +190  5 

.  0000462 

.  0007948 

. 0008198 

. 92150 

. 90573 

.  89930 

. 86714 

5G45 

.80885 

J  +  23  ) 
(  +190  5 

I 
. 0006377 

.  0007928 

. 0008178 

. 91557 

.  89995 

.  89351 

.86168 

5617 

. 81003 

m\ 

. 0006285 

.  000780 i 

. 0008054 

.  91505 

.  89965 

.  89337 

.86194  1  5624 

1 
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It  will  be  seen  that  the  results  coufirm,  in  the  main,  Allen's  *  conclusions  in  regard 
to  the  generally  uniform  rate  of  expansion  of  all  fats  and  oils.  The  average  increase 
in  density  in  my  samples  would  be  rather  lower  than  the  figure  he  gives  (.00064)  for 
each  degree  C,  as  his  figure  was  evidently  calculated  from  the  formula 


Koiipt  gives  a  figure  very  nearly  the  same  as  mine,  for  the  mean  absolute  expan- 
sion co-efficient  of  olive  oil,  viz  :  .00080348. 

In  the  lards  and  oils  in  the  above  table,  I  also  determined  the  density  by  the  plum- 
met at  -|-35°  C.  These  results,  together  with  results'calculated  from  the  flask  deter- 
minations,, so  as  to  make  the  figures  comparable,  are  given  in  the  following  table  : 

Comparison  of  results  icitli  plummet  and  wWi  specific- gravity  flask. 


Witli  plummet, 

+35° 

With  specific 
gravitv  flask, 

+350 

Lards  : 

1 

.9038 
.9047 
.9066 
.9044 
.9067 
.9039 
.9068 
.9050 

.9151 
.9164 
.9134 
.9132 
.9154 
.9138 
.9133 

.9076 

. 90508 
. 90484       - 
. 90652 
. 90523 
.  90G71 
.  90797 
.  900G7 
. 90816 

.  91391 
.91510 
. 91377 
.91357 
. 91412 
. 91475 
. 91452 

. 90848 

o 

3 

4                .... 

5                           .   .. 

6                  

8 

Cotton-seed  oil: 

1 

9 

3 

4 

5       

6 

1            7 

Olive  oil : 

1 

2     . 

. 9080          i          . 90811 

Mean            .     . . 

.9098          i            Or.fiPn          1 

I 

This  short  series  of  comparisons  adds  testimony  to  the  accuracy  of  the  Archimedean 
method  for  taking  specific  gravities,  and  it  is  certainly  a  most  rapid  and  convenient 
means  to  this  end.  I  went  through  nearly  the  entire  series  of  samples  used  in  our 
lard  investigation,  about  ICO  in  all,  in  tbree  days.  I  would  call  attention  to  a  slight 
inaccuracy  in  Allen's  description  of  the  method.  On  page  14  (Vol.  II),  he  says :  "  The 
plummet  should  have  a  displacement  of  exactly  5cc  (in  ^  water).  This  should,  of 
course,  be  5  grams,  otherwise  he  would  be  comparing  roZ«?uc  with  utiglit,  as  it  is  the 
wcigJit  of  the  sample  displaced  which  is  used  as  the  numerator  of  the  fraction  of  wLich 
iheweigJit  of  water  displaced  is  the  denominator  in  the  expression  of  its  specific 
gravity.  The  error  would  not  be  so  great  where  the  volume  and  density  of  water 
were  taken  as  being  identical  at  15.5^  C,  but  still  quite  an  appreciable  error  would 
be  introduced  when  the  deteraiination  on  the  sample  was  made  at  35°  to  .50°  C,  as  on  a 
fat,  for  example.  There  is  much  need  for  more  exact  mathematics  in  calculating 
specific  gravities,  and  more  uniformity  in  methods  of  expressing  them  among  chemists 
is  greatly  to  be  desired. 


*  Op.  cit.,  p.  20. 


tLieb.  Ann.,  93,  p.  129. 
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(b)  Melting  point. — The  term  melting  point  applied  to  a  glyceride  does 
Dot  indicate  a  physical  state  capable  of  being  appreciated  with  defiuite- 
ness.  As  usually  employed  it  indicates  the  temperature  at  which  the 
fat  becomes  transparent ;  but  this  teniperature,  as  is  well  known^  varies 
under  certain  conditions  chiefly  dependent  ui)on  the  initial  temperature 
of  the  body.  A  more  definite  point,  and  one  usually  capable  of  being 
ascertained,  is  that  where  a  thin  disk  of  the  fat,  when  freed  from  the 
attraction  of  gravitation  and  left  to  its  own  molecular  forces,  assumes  a 
sensibly  spherical  state.  The  melting  point  given  in  the  following 
analytical  tables,  with  the  exceptions  to  be  noted,  has  been  determined 
by  an  apparatus  based  on  the  above  principle.  This  apparatus  is  de- 
scribed in  the  Journal  of  Analytical  Chemistry,  volume  1,  part  1,  pages 
39  et  seq. 


Q.HEIDEMANiC 


Fig.  20. 


DESCRIPTION   or   ArPARATUS. 


The  apparatus.  Fig.  20,  consists  of  (1)  an  accurate  thermometer  for 
reading  easily  tenths  of  a  degree;  (2)  a  less  accurate  thermometer 
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for  measuring  the  temperature  of  water  in  the  large  beaker  glass  5  (3) 
a  tall  beaker  glass,  35cm  high  and  10cm  in  diameter;  (4)  a  test  tube 
30cm higb  and  3.5cm  in  diameter;  (5)  a  stand  for  supporting  the  appa- 
ratus ;  (G)  some  method  of  stirring  the  water  in  the  beaker,  for  example, 
a  blowing  bulb  of  rubber  and  a  bent  glass  tube  extending  to  near  the 
bottom  of  the  beaker;  (7)  a  mixture  of  alcohol  and  water  of  the  same 
specific  gravity  as  the  fat  to  be  examined. 

Mani])uIatio7u — The  disks  of  the  fat  are  prepared  as  follows :  The 
melted  and  filtered  fat  is  allowed  to  fall  from  a  dropping  tube  from  a 
height  of  15  to  20  cm  on  to  a  smooth  piece  of  ice  floating  in  water.  The 
disks  thus  formed  are  from  1  to  1 J  cm  in  diameter  and  weigh  about 
200  milligrams.  By  pressing  the  ice  under  the  water  the  disks  ai:e  made 
to  float  on  the  surface,  whence  they  are  easily  removed  with  a  steel 
spatula. 

The  mixture  of  alcohol  and  water  is  prepared  by  boiling  distilled 
water  and  95  per  cent,  alcohol  for  ten  minutes  to  remove  the  gases  which 
they  may  hold  in  solution.  While  still  hot  the  water  is  poured  into  the 
test  tube  already  described  until  it  is  nearly  half  full.  The  test  tube 
is  then  nearly  filled  with  the  hot  alcohol.  It  should  be  poured  in  gently 
down  the  side  of  the  inclined  tube  to  avoid  too  much  mixing.  If  the 
tube  is  not  filled  until  the  water  Las  cooled,  the  mixture  v>ill  contain  so 
many  air  bubbles  as  to  be  unfit  for  use.  These  bubbles  will  gather  on 
the  disk  of  fat  as  the  temperature  rises  and  finally  force  it  to  the  top  of 
the  mixture. 

The  test  tube  containing  the  alcohol  and  water  is  placed  in  a  vessel 
containing  cold  water,  and  the  whole  cooled  to  below  10°.  The  disk 
of  fat  is  dropped  into  the  tube  from  the  spatula,  and  at  once  sinks  until 
it  reaches  a  part  of  the  tube  where  the  density  of  the  alcohol — water  is 
exactly  equivalent  to  its  own.  Here  it  remains  at  rest  and  free  from 
the  action  of  any  force  save  that  inherent  in  its  own  molecules. 

The  delicate  thermometer  is  placed  in  the  test  tube  and  lowered  until 
the  bulb  is  just  above  the  disk.  In  ord*-r  to  secure  an  even  temperature 
in  all  parts  of  the  alcohol  mixture  in  the  vicinity  of  the  disk  the  ther- 
mometer is  moved  from  time  to  time  in  a  circularl}^,  pendulous  manner. 
A  tube  i^repared  in  this  way  will  be  suitable  for  use  for  several  days  ; 
in  fact,  until  the  air  bubbles  begin  to  attach  themselves  to  the  disk  of 
fat.  In  no  case  did  the  two  liquids  become  so  thoroughly  mixed  as  to 
lose  the  propert}^  of  holding  the  disk  at  a  fixed  point,  even  when  they 
were  kept  for  several  weeks. 

In  practice,  owing  to  the  absorption  of  air,  it  has  been  found  neces- 
sary to  prepare  new  solutions  every  third  or  fourth  day. 

The  disk  having  been  placed  in  position,  the  water  in  the  beaker  glass 
is  slowly  heated  and  kept  constantly  stirred  by  means  of  the  blowing 
apparatus  already  described. 

When  the  temjierature  of  the  alcohol- w^ater  mixture  rises  to  about 
6^  below  the  melting  point  the  disk  of  fat  begins  to  shrivel  and  gradu- 
ally rolls  up  into  an  irregular  mass. 
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The  thermometer  is  now  lo^veied  until  the  fat  particle  is  eveu  with 
the  center  of  the  bulb.  The  bulb  of  the  thermometer  slioukl  be  small, 
so  as  to  indicate  only  the  temperature  of  the  mixture  near  the  fat.  .A- 
gentle  rotary  movement  should  be  given  to  the  thermometer  bulb,  which 
might  be  done  with  a  Idnd  of  clock-work.  The  rise  of  tempei'ature 
should  be  so  regulated  that  the  last  2^  of  increment  require  about  ten 
minutes.  The  mass  of  fat  gradually  approaches  the  form  of  a  sphere, 
and  when  it  is  sensibly  so  the  reading  of  the  thermometer  is  to  be  made. 
As  soon  as  the  temperature  is  taken  the  test  tube  is  removed  from  the 
bath  and  i^laced  again  in  the  cooler.  A  second  tube,  containing  alcohol 
and  water,  is  at  once  placed  in  the  bath.  It  is  not  necessary  to  cool  the 
water  in  the  bath.  The  test  tube  (ice-water  being  used  as  a  cooler)  is  of 
low  enough  temperature  to  cool  the  bath  sufficiently.  After  the  first 
determiiiation,  which  should  be  only  a  trial,  the  temperature  of  the 
bath  should  be  so  regulated  as  to  reach  a  maximum  about  1.5°  above 
the  melting  i)oint  of  the  fat  under  examination. 

Working  thus  with  two  tubes  about  three  determinations  can  be  made 
in  an  hour.  After  the  test  tube  has  been  cooled  the  globule  of  fat  is 
removed  with  a  small  spoon  attached  to  a  wire  before  another  disk  of 
fat  is  put  in. 

{cl)  Eefractive  index. — The  apparatus  used  in  determining  the  refrac- 
tive index  is  one  described  by  Professor  Abbe  iu  a  brochure  entitled 
"  Neue  Apparate  zur  Bestimmung  des  Brechungs-iind  Zerstreuungsver- 
mogeu  fester  uud  iiiissiger  Korper."  The  apparatus  is  represented 
in  Fig.  21.    For  lard  it  is  necessary  that  the  index  of  refraction  be  de- 


FlG.  21. 


termined  in  a  room  where  the  temi)erature  is  higher  than  30°  and  even 
higher  than  35°.  For  determining  the  refractive  index  of  oleostearines 
the  tem})erature  must  be  considerably  above  40°.    For  very  high  tern- 
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peratures  I  ased  tbe  hot-room  of  a  Tiuidsli  bath  cstabhshment.  In 
order  that  the  fats  might  quickly  come  to  the  temperature  of  the  room 
and  also  be  iu  a  convenient  apiiaratus  for  drojiping  upon  the  paper 
holder  they  were  kept  in  a  (J  shaped  small  tube-holder.  The  one  arm 
of  the  tube  was  drawn  out  to  an  almost  capillary  diameter^  bent  over  at 
the  end  forming  a  spout  to  facilitate  the  dropping  of  the  oil  upon  the 
paper  receptacle. 

The  apparatus  is  operated  as  follows:  Fine  tissue  paper  of  rather 
heavy  body  is  cut  into  rectangular  pieces  3  cm  in  length  by  1.5  cm  iu 
breadth.  One  of  these  pieces  of  pa;  er  is  placed  on  the  lower  of  the 
two  glass  prisms  of  the  apparatus.  Two  or  three  drops  of  the  oil  or 
the  fat  are  placed  upon  the  paper  and  the  upper  prism  carefully  placed 
in  position  so  as  not  to  move  the  paper  from  its  place.  In  charging  the 
apparatus  with  the  oil  in  this  way  it  is  placed  in  the  horizontal  position. 
After  the  paper  disk  holding  the  fat  is  secured  by  replacing  the  upper 
prism  the  apparatus  is  placed  in  its  normal  position. and  the  index 
moved  until  the  light  directed  through  the  apparatus  by  the  mirror 
shows  the  field  of  vision  divided  into  dark  and  light  portions.  The  dis- 
persion  apparatus  is  now  turned  until  the  rainbow  colors  on  the  part 
between  the  dark  and  light  field  have  disapi)eared.  Before  doing  this, 
however,  the  telescope,  the  eye-piece  of  the  api^aratus,  is  so  adjusted 
as  to  bring  the  cross-lines  of  the  field  of  vision  distinctly  into  focus.  The 
index  of  the  apparatus  is  now  moved  back  and  forth  until  the  dark  edge 
of  the  field  of  vision  falls  exactly  in  the  intersection  of  the  cross-lines. 
The  refractive  index  of  the  fat  under  examination  is  then  read  directly 
upon  the  scale  by  means  of  a  small  magnifying  glass.  To  check  the 
accuracy  of  the  first  reading  the  dispersion  apparatus  should  be  turned 
through  an  angle  of  180^  until  the  colors  have  again  disappeared  and 
the  scale  of  the  instrument  again  read.  These  two  readings  should 
fall  closely  together,  and  their  mean  is  the  true  reading  of  the  fat  under 
examination. 

• 

METHOD    OF   DETERMIXIXG   REFRACTIVE  IXDEX   AT   TEMPERATURES   ABOVE   THE  NOR- 
MAL. 

The  refractive  index  of  lards,  stearines,  etc.,  can  not  be  taken  at  the 
ordinary  room  temperatures.  The  best  method  of  securing  the  desired 
temperature  is  to  idace  the  instrument  and  samples  in  a  room  provided 
with  suitable  heaters  for  maintaining  the  temperature  at  a  constant 
point,  about  50^.  Some  stearines  may  require  a  slightly  higher  temper- 
ature. I  have,  in  the  absence  of  any  such  room  in  our  laboratory,  used 
the  hot-rooms  of  the  Turkish  bath  to  good  advantage.  Another  method 
suggested  by  Mr.  Yon  Schweinitz  has  been  employed.  The  instrument 
is  placed  on  the  top  of  an  air-bath  maintained  at  a  constant  tempera- 
ture. The  room  must  also  be  kept  without  change  of  temperature.  The 
instrument  should  be  allowed  to  remain  on  the  bath  for  at  least  one 
hour  before  work  is  commenced.     If  necessary  it  can  be  protected  with 
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a  hood,  the  side  next  the  window  being  provided  with  an  opening  for 
admitting  the  light,  and  the  one  next  the  operator  being  entirely  open. 

The  thermometer  should  rest  with  its  bulb  as  closely  as  possible  ap- 
plied to  the  metallic  casing  of  the  prisms  of  the  instrument.  The  tem- 
perature marked  by  it  is  much  lower  than  that  of  the  space  between  the 
prisms  occupied  by  the  film  of  oil  under  examination,  For  purposes  of 
comparative  readings  a  cotton  oil  is  used,  the  refractive  index  of  which 
is  carefully  determined  at  25°. 

When  the  temx)erature  of  the  refiactometer  on  the  air  bath  has  become 
constant,  the  same  cotton  oil  is  placed  on  the  prisms,  and  after  waiting 
for  10  to  20  minutes  for  the  same  temperature  to  be  established,  the 
index  at  that  temperature  is  read  off.  The  lards,  steaiines,  etc.,  are 
then  examined  at  that  temperature  and  reduced  to  the  standard  of  25° 
by  the  factor  determined  as  above.  After  the  introduction  of  each  fresh 
sample  the  instrument  is  allowed  to  stand  for  10  to  20  minutes  in  order 
to  secure  a  uniform  temperature  for  all  the  readings. 

Examjjle. 


Cotton  oil,  No.  6258: 

K.  I.  at  25° 

:=   1.4674 

R.LatXo 

=   1.4565 

L'actor, 

.0109 

External  T« 

=  49.5 

Calculated  internal T^=  57.5 

At  these  temperatures  a  hirge  number  of  indices  of  lards,  stearines, 
fat  acids,  etc.,  was  taken. 


No 

Material. 

Observed 
index. 

Index 
corrected 

to253. 

6263 
6262 
6264 
6260 
6257 
6256 
5626 
5681 
5680 
5606 
5566 
5626 
5680 
5681 
5576 

1.  4505             1.  4614 
1.4505      !       1.4tn4 

1.4500 
1.4540 
1.  4495 
1.  4475 
1.4470 
1.  4550 
1. 4555 
1.  4445 
1.  4455 
1.4475 

1.4609 
1.  4649 
1.4601 
1.4584 
1.  4579 
1. 4659 
1.  4664 
1.4554 
1.4564 
1.4585 

Golden  cot olene       .          

Oleooil 

do .. 

WLite  cotton-oil  steariue                .       .... 

Yellow  cotton-oil  stearinc 

Lard  fat  acid 

Oleo-stearine  fat  acid                    

Cot  ton-oil  stearine  fat  acid  

1.4515 
1. 4475 

1.  4624 
1. 4587 

Compound  lard  fat  acid 

1.4455 

1.4564 

(e)  Rise  of  temperature. — The  rise  of  temperature  which  fats  and  oils 
undergo  when  mixed  with  sulphuric  acid  was  determined  in  the  follow- 
ing manner.  The  apparatus  used  is  represented  in  Fig.  22.  The  idea 
of  this  piece  of  apparatus  was  derived  from  a  description  given  by 
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Dr.  W.  Ramsay  of  an  apparatus  used  b^^  him  iu  the  determiuatiou  of 
the  molecuhar  weights  of  uitrogeu  trioxide  and  nitric  peroxide,*  The 
rise  of  temperature  is  not  wholly  independent  of  the  initial  tempera- 


FlG.  22. 

ture,  and  hence  the  initial  temperature  should  be  kept  as  nearly  constant 
as  possible;  since  most  lards  and  adulterated  lards  melted  at  rather  a 
high  temperature  are  still  liquid  at  35°  this  temperature  becomes  a 
very  convenient  starting  point.  For  oleo  stearines  the  initial  tempera- 
ture should  be  10°  higher. 

DESCKIPTION   OF   APPARATUS. 

The  test  tube  should  be  about  24  cm  in  length  and  5  cm  in  diameter. 
It  is  furnished  with  a  stopper  with  three  holes,  the  one  through  the 
center  carrying  a  delicate  thermometer  graduated  to  at  least  iifths  of  a 
degree.  The  second  opening  carries  loosely  a  glass  stirring-rod,  which 
is  bent  into  a  coil  at  the  lower  extremity.  This  coil  is  so  arranged  as  to 
have  the  thermometer  [>ass  through  its  center.  The  third  perforation 
carries  the  funnel,  which  is  bent  outwards  and  upwards  and  holds  the 
sulphuric  acid. 

*  Jourual  of  the  Chemical  Society,  June,  1H88,  page  622.  When  iu  u>so  the  whole 
lower  i)art  of  the  apparatus  is  iuclosed  in  a  noa-conducting  ease,  as  meutioned  in 
the  text. 
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Maiupulation. — Fifty  cc  of  the  fat  or  oil  to  be  exaaiined  are  placed  in 
the  test  tube  and  warmed  or  cooled,  as  the  case  may  be,  until  the  tem- 
perature is  the  one  required  for  the  beginning  of  the  experiment,  say  35°^ 
10  cc  of  the  strongest  sulphuric  acid  at  the  same  temperature  are  placed 
in  the  funnel,  the  stopper  being  firmly  fixed  in  its  placej  the  test  tube 
containing  the  oil  is  placed  in  a  non-conducting  receptacle  j  the  wooden 
cylinder  lined  with  cork,  used  in  sending  glass  bottles  by  mail,  T  have 
found  to  be  convenient  for  this  purpose.  A  glass  rod  which  fits  loosely 
in  the  stopper,  so  as  to  be  moved  rapidly  uj)  and  down,  is  held  by  the 
right  hand  of  the  operator;  with  his  left  hand  he  opens  the  glass  stop- 
cock of  the  funnel  and  allows  the  sulphuric  acid  to  flow  in  upon  the  oil. 
The  glass  stirring-rod  is  now  moved  rapidly  up  and  down  for  about  20 
seconds,  thus  securing  a  thorough  mixture  of  the  oil  and  acid.  The 
mercury  rises  rapidly  in  the  thermometer  and  after  two  or  three  minutes 
reaches  a  maximum,  and  then,  after  two  or  three  minutes  more,  begins 
to  descend.  The  reading  is  made  at  the  maximum  point  reached  by  the 
mercury.  With  pure  cotton  oil,  linseed  oil,  and  some  other  substances 
the  rise  cf  temi^erature  is  so  great  as  to  produce  ebullition  in  the  mass, 
causing  it  to  foam  up  and  fill  the  tube.  To  avoid  this  smaller  quantities 
of  acid  should  be  used  or  the  oil  in  question  be  diluted  with  a  less 
thermogenic  one,  so  that  the  maximum  temperature  may  not  be  high 
enough  to  produce  the  effect  noted. 

I  have  thought  that  the  value  of  this  method  of  work  might  be  in- 
creased by  measuring  the  total  temperature  produced  in  mixing  given 
quantities  of  fat  and  sulphuric  acid,  and  hope  soon  to  have  a  calorimeter 
constructed  suitable  for  this  purpose. 

Experiments  made  with  the  apparatus  described  above  in  regard  to 
the  influence  of  the  initial  temperature  have  shown  that  a  difference  of 
10^  in  the  initial  temperature  would  cause  a  difference  of  from  2^  to  3° 
in  the  maximum  temperature  reached  during  the  operation. 

Prof.  C.  E.  Munroe,  of  Newport,  has  made  extensive  experiments  on 
the  rise  of  temperature  produced  by  the  mixture  of  oils  with  sulphuric 
acid.  He  has  published  some  of  the  results  of  his  work  in  volume  10 
of  the  Eeports  of  the  American  Public  Health  Association.* 

In  a  manuscript  communication  from  the  author  under  date  of  July 
20,  1888,  Professor  Munroe  makes  the  following  additional  observations 
upon  his  method  and  results : 

I  first  soiiglit  speed  iu  mixing,  using  a  turn-table  upou  whicli  tlie  vessel  was  put, 
or  raechanical  stirrer  placed  in  tlie  vessel  or  sliakers,  etc.,  but  while  using  Mauraend's 
proportions  there  were  discrepancies  I  could  not  explain.  So  then  I  varied  the  pro- 
portion until  when  I  reached  20  cc  of  oil  to  25  cc  of  HnS04  (sp.  pr.  1.83)  I  easily  got 
concurrent  results.  I  had  the  oil  and  acid  and  vessels  all  at  the  same  initial  tem- 
perature. The  oil  was  run  into  a  beaker  glass  of  100  cc  capacity,  a  delicate  ther- 
mometer was  inserted  and  initial  temperature  marked  and  compared  with  thermom- 
eter hanging  beside  burette  containing  oil  and  acid.     Then  acid  was  run  in  and  the 

*  Volume  10,  Americiiu  Public  Health  Association,  reprints  for  the  author  an  article 
entitled  ''The  Use  of  Cottou-Sccd  Oil  as  a  Food  and  for  Medicinal  Purposes." 
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w  hole  stirred  with  a  glass  rod,  the  lower  part  being  flattened  parallel  to  vertical  axis, 
and  stirring  continued  nntil  the  mercury  ceased  to  rise. 

Of  coarse  the  final  temperature  varied  with  initial  temperature,  but  the  idea  was 
to  have  samples  of  standard  oils  on  hand  and  as  the  temperature  varied  in  the  room 
from  day  to  day  to  make  comparisons  at  same  temperature  between  oil  under  obser- 
vation and  standard  oils.  Variations  also  occur  with  rate  of  stirring,  but  it  is  re- 
markable how  close  agreement  is  with  practice.     For  exami)le  I  cite — 

Experiments  made  June  18,  18S4,  witli  standard  oils. 


ou. 

So 

31 

?  ft 

Mean. 

Lard,  winter 

Do 

0 

25.4 

25 

25 

26 

25 

25 

0 

64 
04 
64 

78 
79 

78 

0 

38.0] 
39      ^ 
39     J 

52  1 
54      \ 

53  J 

0 
39 

53 

Do 

Cottonseed,  summer 

Do 

Do 

JExjjeriments  iciih  mixtures  of  adore  oils. 
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The  calculated  increase  is  based  on  the  numbers  39°  and  53°  given  in  the  first 
table.  It  will  be  observed  that  the  differences  reduced  to  percentages  are  large,  and 
that  the  initial  temioerature  of  the  mixed  oils  are  above  those  of  the  original  oils, 
yet  there  is  no  question  about  the  detection  of  the  mixture  and  the  estimation  of  the 
proportions  on  a  commercial  scale.  In  point  of  fact  what  we  demanded  was  pure  lard 
oil  only  to  conforin  to  a  certain  standard  and  the  test  as  applied  secured  this.  I  have 
better  results  than  those  cited,  but  this  is  probably  as  good  as  the  average  inspector 
will  get. 

It  is  said,  however,  that  bccch-nut-fed  pork  gives  an  oil  that  yields  results  like 
cottonseed.  In  a  thorough  study  of  the  subject  this  should  be  considered  as  well  as 
the  effects  of  age  and  of  the  different  methods  of  refining. 

(/)  Cri/stallizafiou  point  of  fatty  acids. — The  maximum  temperature 
reached  during  the  process  of  crystallization  of  the  fatty  acids  is  also  a 
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valuable  iudicatiou.  The  method  pursued  in  determiiiiDg  this  poiut  is 
as  follows :  The  fatt}^  acids  were  prepared  iu  sufficieut  quantities  to 
afford  about  50  or  GO  grams  for  analytical  purposes.  The  apparatus 
used  is  represented  in  Fig.  23. 

A  very  delicate  thermometer  with  a  long  bulb  is  used,  the  thermom- 
eter being  graduated  into  tenths  of  a  degree ;  the  readings  of  the  mer- 
cury are  made  with  a  small  eye  glass. 
A  test  tube  about  15  cm  in  length  and 
2.5  to  3  cm  in  diameter  is  filled  with 
the  melted  fatty  acids.  The  tempera- 
ture at  which  the  acid  is  melted  should 
be  su-fQcieutly  high  to  secure  a  com- 
jdete  liquefaction.  The  tube  contain- 
ing the  fat  is  placed  in  a  stopper 
carried  in  a  bottle  so  that  the  whole 
of  the  fatty  acid  may  be  contained  in 
that  part  of  the  tube  protected  from 
external  currents  of  air  by  the  bottle. 
The  bottom  of  this  protected  bottle 
should  be  warm,  so  that  its  tempera- 
ture may  be  several  degrees  higher 
than  the  crystallizing  point  of  the 
fatty  acid.  This  precaution  is  neces- 
sary to  avoid  a  too  rapid  crystalliza- 
tion of  the  fatty  acid  in  the  bottom  of 
the  test  tube  and  to  secure  as  nearly 
as  possible  a  uniform  crystallization 
throughout  the  whole  mass.  The 
thermometer  is  suspended  in  such  a 
manner  that  the  bulb  may  occupy  as 
nearly  as  possible  the  center  of  the 
fatty  mass.  The  thermometer  should 
be  protected  from  currents  of  air  and 
should  be  kept  perfectly  still.  The 
l^osition  of  the  mercury  in  the  ther- 
mometer is  carefully  watched  by  the 
attendant  as  it  gradually  sinks  toward 
the  crystallizing  poiut.  When  the  crystals  of  the  acid  begin  to  ap- 
pear iu  the  bottom  and  on  the  sides  of  the  test  tube  the  descent  of 
the  mercury  will  become  very  slow  and  finall^^  cease  j  the  lowest 
point  reached  by  the  mercury-  should  be  noted.  As  the  crystalliza- 
tion extends  inward  toward  the  bulb  of  the  thermometer  a  point  will 
be  reached  when  the  mercury  will  begin  to  rise  -,  at  that  i)oint,  the  test 
tube  being  held  by  the  left  hand,  the  thermometer  should  be  taken  by 
the  right  hand  of  the  operator  and  the  partially  crystallized  mass  of  fat 
thoroughly  stirred  by  turning  the  thermometer  three  or  four  times 


Fig.  23. 
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around  the  tube  in  both  directions.  Oare  should  be  exercised  that  at 
the  end  of  this  operation  the  bulb  of  the  thermometer  should  hang  as 
near  as  possible  in  the  center  of  the  cr^'stallizing  mass.  Directly  the 
above  operation  is  accomplished  the  mercury  will  be  seen  to  rise  and 
this  rise  of  temperature  will  continue  for  some  time,  after  which  the 
mercury  will  remain  stationary  for  one  or  two  minutes.  The  highest 
point  reached  is  taken  as  the  true  temperature  of  crystallization. 

{g)  Melting  point  of  the  fatty  acids. — The  melting  point  of  the  fatty 
acids  can  not  be  determined  in  the  same  apparatus  and  by  the  same 
methods  as  those  described  for  the  fats  themselves,  because  the  acids 
are  soluble  in  alcohol.  It  should  be  remembered  that  the  melting  point 
of  the  fatty  acids  is  slightly  above  that  of  the  glycerides,  and  the  first 
determination  in  every  case  should  be  solely  for  the  purpose  of  deter- 
mining approximately  the  temperature  at  which  the  fat  melts. 

METHOD   OF   DETERMINING  MELTING  POINT  OF   FAT  ACIDS. 

(1)  By  cajnilary  tubes. — The  fat  acid  in  a  capillary  tube  is  placed  in  a 
beaker  01  water,  together  with  a  delicate  thermometer.  The  water  is 
slowly  heated  and  the  point  at  which  the  fat  becomes  transparent  is 
noted. 

(2)  1)1  a  dosed  flasl;. — This  method,  easy  of  application  and  giving 
satisfactory  results,  was  proposed  by  Mr.  Oma  Carr. 

The  bulb  of  a  delicate  thermometer  is  coated  with  the  fat  acid,  and 
the  thermometer,  by  means  of  a  cork  is  fastened  in  a  round  flask  of 
2o0cc  capacity.  The  bulb  of  the  instrument  should  occupy  as  nearly 
as  possible  the  center  of  the  flask.  The  cork  should  have  an  air  pas- 
sage for  the  equalization  of  the  pressure.  The  flask  is  slowly  heated  in 
a  current  of  warm  air,  or  otherwise,  and  as  the  melting  point  is  ap- 
proached a  rotatory  movement  is  given  to  it.  When  the  fat  melts  it  is 
seen  to  collect  in  a  small  drop  on  the  lowest  part  of  the  bulb,  remaining 
stationary  while  the  flask  is  turned.  The  thermometer  is  best  held 
horizontally. 

(c)  Color  reaction. — The  re-agents  used  in  determining  the  color  re- 
actions were  sulphuric  acid  of  a  specific  gravity'  1.7  and  strong  nitric 
acid.  The  method  of  working  with  sulphuric  acid  is  as  follows :  A  por- 
celain plate  with  trough  like  indentations,  such  as  is  used  by  artists  iu 
mixing  paints,  is  employed.  The  plate  is  warmed  to  a  temperature 
slightly  above  that  of  the  fat  to  be  examined,  and  inclined  slightly  so 
that  the  liquid  fat  may  remain  in  the  lower  end  of  the  trough.  A  few 
drops  of  the  fat  are  iflaced  on  the  dish,  which  is  capable  of  holding 
several  samples  j  a  few  drops  of  the  sulphuric  acid  are  next  placed  ujion 
the  samples  of  fat  and  each  one  stirred  with  a  short  glass  rod.  The  col- 
oration  produced  is  carefully  noted,  the  beginning  of  the  change  in  color 
noticed  and  its  progress  watched.  The  samples  should  also  be  allowed 
to  remain  for  twelve  hours  and  the  coloration  produced  at  the  end  of 
that  time  studied. 
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The  method  of  proceeding  with  nitric  acid  is  as  follows : 
Small  test  tubes  are  taken  which  are  filled  one  third  fall  of  the  melted 
fat  and  au  equal  volume  of  the  strong  nitric  acid  is  added,  the  test  tube 
closed  by  a  piece  of  rubber  cloth,  held  firmly  down  by  the  thumb,  and 
vigorously  shaken  for  a  minute.  The  tube  is  then  placed  in  a  rack  and 
the  oily  layer  allowed  to  separate  from  the  acid.  The  oil  being  lighter 
rests  upon  the  top  of  the  acid.  The  coloration  i)roduced  is  studied  in 
the  same  manner  as  has  been  indicated  for  sulphuric  acid. 

METHOD  OF  DETERMINING  THE   RELATIVE  PROPORTIONS  OF   STEARIC 
AND  OLEIC  ACIDS  IN  A  MIXTURE  OF  THE  TWO. 

The  method  i)roposed  by  Dalican  and  Jean  rests  upon  the  use  of  data 
of  temperatures  produced  by  the  act  of  crystallization  of  the  two  acids. 
This  point  is  determined  in  the  manner  already  described. 

The  proportions  of  the  two  acids  are  then  calculated  from  the  follow- 
ing table : 
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45 
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For  mixtures  of  acids  such  as  are  aftbrded  by  the  saponification  of 
compound  lards,  the  table  appears  to  be  valueless.  Many  of  the  tem- 
i:)eratures  of  crystallization  of  such  acids,  as  can  be  seen  from  the  tables 
of  analyses,  fall  below  40o. 

Dr.  Crampton,  to  whom  I  assigned  the  microscopic  examination  of 
the  lards  and  lard  compounds,  has  contributed  the  following  account  of 
the  work : 

CRYSTALLIZATION   OF   FATS. 

Microscojyic  examination. — Probably  the  first  applicatiou  of  the  use  of  the  micro- 
scope for  distinguisbing  between  fats  derived  from  different  sources  was  by  Husson,* 
who  obtained  crystals  from  beef  fat,  tallow,  lard,  oleomargarine,  goose  fat,  butter, 

"Jour,  de  Pharm.  et  de  Cbim.,  4«  sdrie,  vol.  27,  p.  100, 

;7319— pt.  4 4 
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etc,  by  dissuiv^mg  them  in  a  mixture  of  alcohol  and  ether,  cooling  the  solutions,  and 
allowing  the  fats  to  crystallize  out.  He  claims  that  he  could  distinguish  the  crystals 
obtained  from  different  fate  in  this  way,  and  gives  illustrations  made  from  drawings 
of  the  various  forms  of  crystals.     The  delineations  are  very  crude  and  poor. 

In  the  famous  "Chicago  lard  case"*  microscopical  methods  were  employed  by  ex- 
perts for  the  defense  to  distinguish  pure  lard  from  lard  adulterated  with  beef  fat. 
Dr.  W.  T.  Belfield  seems  to  have  been  the  first  in  that  trial  to  point  out  the  differences 
between  crystals  of  these  fats  obtained  from  their  solutions  in  ether  or  alcohol,  and 
his  methods  and  conclusions  were  followed  and  confirmed  by  most  of  the  scientific 
experts  employed  by  the  defense.  Dr.  Belfield  claimed  to  be  able  to  recognize  in  this 
way  as  little  as  10  per  cent,  of  beef  fat  in  lard,  while  some  of  the  other  gentlemen 
thought  that  as  low  a  proportion  as  5  per  cent,  could  be  shown.  Twelve  photomicro- 
graphs were  submitted  by  Dr.  Belfield  as  part  of  his  testimony,  and  are  reproduced 
in  the  report  of  the  trial.  They  consist  of  crystals  obtained  from  pure  lard,  both 
steam  and  kettle  rendered,  pure  tallow,  lard  mixed  with  30,  20,  and  10  per  cent,  of 
beef  tallow,  and  crystals  from  the  three  suspected  samples  of  lard,  "Fowler's"  Nos. 
1,  2,  and  3.    The  reproduction  is  fairly  good,  but  the  amplification  is  not  stated. 

In  Part  I  of  this  Bulletin  is  presented  a  discussion  of  the  microscopical  appearances 
of  the  various  fats  used  in  the  adulteration  of  butter,  especially  the  characters  pre- 
sented by  them  when  viewed  by  polarized  light,  with  photomicrographs  prepared  by 
Messrs.  Richards  &  Richardson.t  These  are  intended  especially  to  show  the  use  of 
the  microscope  with  polarized  light  in  distinguishing  butter  from  its  adulterants,  the 
former  having,  unless  it  has  been  melted  and  cooled  or  crystallized  from  solvents,  no 
crystalline  structure,  hence  showing  no  refracting  bodies  when  viewed  by  polarized 
light,  while  the  substitutes,  involving  as  they  do  in  their  preparation  previous  melt- 
ing and  consequent  crystallization,  show  a  variegated  field.  Some  of  these  photo- 
micrographs represent  crystals  obtained  from  lard  and  beef  fat  by  crystallization  from 
ether  or  alcohol,  but  the  illumination  by  polarized  light  does  not  give  the  perfect  de- 
lineation of  the  shape  of  the  individual  crystals  necessary  for  their  differentiation. 

Examination  of  lards  and  lard  substitutes  with  the  mic7'oscope. — In  the  microscopical 
work  on  the  larger  series  of  samples  used  in  the  present  examination,  and  the  investi- 
gation of  the  efficiency  of  this  test  in  distinguishing  between  lard  and  its  substitutes, 

1  had  the  benefit  of  the  advice  and  experience  of  Prof.  S.  P.  Sharpless,  one  of  the 
chemists  exployed  in  the  Chicago  trial,  who  has  had  occasion  to  examine  microscop- 
ically a  large  number  of  lards  and  lard  substitutes  in  the  course  of  an  extensive  com- 
mercial experience.  Most  of  the  samples  were  examined  by  both  of  us,  and  our  re- 
sults agreed  with  very  few  exceptions.  I  subjected  the  entire  series  of  samples  to  a 
very  careful  examination,  making  several  crystallizations  in  nearly  every  case,  and 
making  photo-micrographs  of  the  appearances  found  in  a  large  number  of  the  sam- 
ples, selections  from  which  are  reproduced  in  the  plates. 

Methods  of  procuring  crystals  for  examination.— The  methods  employed  by  the  ex- 
perts in  the  Chicago  case,  in  these  microscopical  examinations,  filed  as  part  of  their 
testimony  before  the  Board  of  Trade,  are  given  on  page. 

It  will  be  seen  that  there  was  considerable  diversity  in  the  solvents  used,  the  man- 
ner of  crystallization,  and  the  method  of  preparing  the  crystals  for  examination. 

My  method  of  procedure  "was  similar  to  those  given,  in  a  general  way.     About 

2  to  5  g  of  the  samples  were  taken,  dissolved  up  in  10  to  20cc  of  ether  in  a  test  tube,  the 
operation  being  generally  hastened  by  warming,  the  tube  loosely  stopped  with  cotton, 
and  allowed  to  stand  over  night  at  the  ordinary  temperature  of  the  room.  The  proper 
proportions  of  substance  and  solvent  can  not  be  laid  down  absolutely  as  they  are  de- 
pendent upon  so  many  conditions  of  temperature,  solubility  of  the  sample,  etc.  The 
proportion  giving  a  proper  rate  of  crystallization,  neither  too  rapid  or  too  slow,  can 

*McGeoch,  Everingham  &  Co.  vs.  Fowler  Brothers,  published  by  Knight  &  Leonard. 
Chicago,  1883. 
t  Pp.  34-40. 
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best  be  found  by  experimeut.  It  will  differ  with  different  samples,  and  with  the  time 
of  year,  unless  the  temperature  of  the  room  in  which  the  crystallization  takes  x)lace 
bo  artificially  controlled. 

The  crystals  which  have  formed  at  the  bottom  of  the  test  tube  are  taken  out  with  a 
piece  of  glass  tubing,  placed  on  a  slide,  covered  with  a  cover  glass,  and  examined 
with  a  I  or  :J  inch  objective.  Sometimes  the  mother-liquor  will  not  be  sufficiently  con- 
centrated to  furnish  a  medium  for  the  observation  of  the  crystals,  the  evaporation  of 
the  ether  leaving  them  dry;  in  such  cases  the  addition  of  a  little  cotton-seed  oil  will 
be  found  advantageous.  I  did  not  find  any  advantage  in  washing  the  crystals  ob- 
tained with  alcohol.  I  made  a  number  of  experiments  in  the  crystallization  from  dif- 
ferent solvents,  alcohol,  benzol,  turpentine,  chloroform,  etc.,  but  obtained  often  very 
different  crystals  from  the  same  fat  crystallized  from  different  solvents. 

Oji  the  theory  that  the  crystals  characteristic  of  beef  fat  are  composed  of  stearine, 
which  would  i^robably  crystallize  out  before  the  other  glycerides,  if  present,  some  of 
the  experimenters  quoted  above  lay  stress  upon  the  examination  of  the  first  crystals 
formed,  w^th  the  idea  that  these  would  be  the  beef  crystals.  I  have  not  found  such 
to  be  the  case,  the  crystals  formed  when  the  solution  had  become  concentrated  being 
generally  like  those  first  produced,  except  that  they  were  not  so  perfect  and  distinct- 
ive, having  been  more  rapidly  formed.  Nor  have  I  been  able  often  to  find  such  apjiear- 
aucesas  are  shown  by.Dr.  Belfield's  j^lates  of  mixtures  of  lard  wdth20  and  10  per  cent, 
of  tallow,  and  which  show  the  characteristic  beef  crystals  among  charaeteristic  lard 
crystals  on  the  same  slide.  In  only  two  or  three  cases  did  I  find  the  two  together  on 
the  same  field,  and  I  am  unable  to  show  a  single  photograph  of  such  a  field,  though 
I  endeavored  to  make  such  a  slide.  My  experience  has  been  that  the  kind  of  crys- 
tallization first  instituted  j)redetermined  the  general  form  of  all  subsequent  crystals. 

Slight  differences  in  the  temperature  or  in  the  concentration  of  the  solution 
when  crystallization  began  seemed  to  have  an  influence  upon  the  form  of  crystals 
produced  when  the  substance  was  a  mixed  fat,  so  that  in  some  cases  where  no  beef 
crystals  could  be  detected  in  a  solution  even  by  examining  it  at  different  periods,  if 
another  solution  were  made  and  allowed  to  crystallize,  beef  crystals  would  appear. 

In  Plates  xxxi  and  xxxii  are  shown  the  characteristic  crystals  obtained  from  pure 
lard*  when  crystallized  from  ether  ;  in  Plate  xxxviii  the  crystals  from  beef.  From 
these  it  will  be  seen  that  these  fats,  taken  separately,  give  very  different  crystals.  Just 
what  these  distinctive  crystals  are  is  a  most  interesting  question,  both  in  a  theoretical 
and  practical  point  of  view.  Some  of  the  experts  quoted  above  evidently  thought, 
from  their  testimony,  that  the  lard  crystal  was  palmitiue,  and  the  beef  stearine. 
Others  seem  to  think  they  were  both  stearine  modified  and  that  this  glyceride  crys- 
tallizes in  difierent  forms  in  the  different  fats.  Whether  these  different  crystals  are 
really  composed  of  distinct  glycerides,  or  whether  they  are  mixtures  of  different  but 
definite  proportions  of  the  various  glycerides  found  in  fat,  are  questions  that  cannot 
be  answered  in  the  present  state  of  our  knowledge.  All  we  can  say  is  that  they  are 
quite  different  in  appearance  and  that  pure  lard  always  gives  the  one,  pure  beef  fat 
the  other  form.  Not  only  are  the  forms  of  the  Individual  crystals  different,  but  the 
manner  of  aggregating  themselves  together  is  also  quite  distinct. 

This  is  seen  from  Figs.  1  and  2,  Plate  xxix,  in  which  a  small  poNver 
was  used  in  order  to  show  the  manner  of  aggregation  of  the  lard  crys- 
tals. They  form  feathery  masses,  radiating  from  a  longitudinal  axis, 
with  similar  secondary  branches.  The  beef  fat  crystals  on  the  other  hand, 
»s  is  shown  in  Plates  xxvi  and  xxyiii,  from  spherical  masses  radiating 
^rom  a  common  center,  breaking  up  under  the  cover-glass  into  fan- 

*  The  iard  ciystals  make  rather  a  difficult  subject  to  photograph ;  they  are  very  thin 
and  the  difference  in  transparency  between  them  and  the  field  is  very  little.  The 
slight  refraction  of  light  by  their  edges  shows  their  outline  on  the  plates,  but  only 
a  very  delicate  impression  is  made  on  account  of  the  very  thin  edge." 
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shaped  clusters,  often  with  a  peculiar  twisted  appearance.  If  the  in- 
dividual beef  fat  crystals  are  magnified  farther  they  still  show  their 
needle-like  form,  but  by  increasing  the  amplification  of  the  cluster  of 
lard  crystals^  shown  in  Fig.  2,  Plate  xxix,  for  instance,  we  would  get  a 
similar  appearance  to  that  of  Fig.  4,  Plate  xxx,  or  Fig.  9,  Plate  xxxiii, 
and  by  a  still  higher  power  the  terminations  of  the  crystals  are  plainly 
shown  as  in  Fig.  5,  Plate  xxxi.  The  differences  between  the  typical 
crystallization  of  beef  and  hog  fat  are  thus  easily  recognized  ^  if  now 
the  mixture  of  the  two  fats  gave,  on  crystallizing,  a  mixture  of  the  dif- 
ferent forms  in  the  proportion  of  the  mixture,  the  recognition  of  such  a 
mixed  fat  Avould  be  very  easy  even  though  the  proportion  of  the  one 
ingredient  greatly  preponderated.  But  such  has  not  been  my  experi- 
ence J  instead  of  obtaining  from  a  mixture  of  10  per  cent,  beef  fat  and  90 
per  cent,  lard,  for  example,  a  crystallization  containing  a  great  many 
lard  crystals  with  a  few  beef  fat  crystals  scattered  amongst  them,  as 
shown  by  Dr.  Belfield,  I  usually  found  a  uniform  kind  of  crystalliza- 
tion, which  varied  from  either  typical  form,  but  whicli  resembled  more 
the  lard.  Some  of  these  w^ere  extremely  difficult  to  identify  positively, 
and  I  was  obliged  to  recrystallize  repeatedly  and  vary  the  conditions 
before  I  could  obtain  sufficiently  characteristic  forms.  Take  the  appear- 
ance shown  in  Fig.  12,  Plate  xxxiY,  for  instance:  the  manner  of  ag- 
gregation is  like  that  of  beef  fat  crystals,  but  if  the  individual  crystals 
are  examined  by  a  high  power,  it  will  be  seen  that  they  are  not  needle- 
shaped  and  pointed,  but  plates  with  oblique  terminations,  although  not 
nearly  so  thin  or  tabular  as  the  typical  lard  crystals.  Most  of  Armour's 
lards  presented  these  difficulties,  the  appearance  shown  in  the  two  fig- 
ures on  Plate  xxxv  being  exceptional  in  this  respect,  and  showing  very 
plain  evidence  of  beef  admixture.  Most  of  them  gave  appearances  simi- 
lar to  Fig.  12.  In  two  of  Armour's  lards,  viz,  serial  Isos.  5557  and  5559, 
I  was  unable  to  find  any  evidence  of  beef  fat  admixture  j  the  crystalli- 
zation showing  always  good  typical  lard  crystals.  Compound  lards 
from  lard  and  cotton-seed  oil  only  would  react  in  this  way.  In  Fair- 
bank's  lards  on  the  other  haud,  which  contain  a  larger  proportion  of 
beef  fat,  it  is  often  difficult  to  obtain  anything  except  the  beef  fat  ap- 
l)earance.  Pure  lards  soujetimes  give  appearances,  which  might  be 
mistaken  for  beef  fat.  Fig.  4,  Plate  xxx,  for  examxile,  if  viewed  with  a 
low  power  might  possibly  be  mistaken  for  beef  fat  aggregations,  but  this 
mistake  need  not  be  made  if  the  terminations  of  the  crystals  be  carefully 
examined.  The  lard  crystals  when  turned  up  on  edge  sometimes  look 
like  beef  fat  crystals.  In  the  examination  of  a  sample  suspected  of  being 
corax)ounded  with  beef  fat,  it  is  the  beef  fat  appearance,  of  course,  that 
is  to  be  sought  for,  unless  there  is  some  special  reason  for  knowing 
whether  it  contains  any  lard  at  all,  and  as  soon  as  a  characteristic  beef 
fat  crj^stallization  is  observed  the  object  of  the  examination  is  attained. 
If  none  but  lard  crystals  are  observed  at  first,  however,  it  must  not  be 
concluded  at  once  that  the  sample  is  a  pure  lard,  but  the  crystallization 
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must  be  repeated,  and  only  after  a  number  of  reciystallizatious  have 
been  made,  and  many  slides  taken  witli  no  appearance  of  beef  fat  crystals 
can  it  be  decided  tliat  no  beef  fat  is  present.  I  should  say,  as  a  result 
of  my  own  observations,  that  as  small  an  admixture  as  20  per  cent,  of 
beef  fat  can  readily  be  detected,  but  I  should  hesitate  very  much  about 
guarantying  a  detection  of  10  per  cent,  or  less,  as  the  experts  in  the 
Chicago  case  were  confident  of  doing. 

The  presence  of  a  large  amount  of  cotton  seed  oil  facilitates,  of  course, 
the  detection  of  beef  fat  admixture  by  the  microscope.  That  is,  a  com- 
l)Ound  lard  made  up  with  say  10  per  cent,  of  beef  fat  stearine,  50  per  cent, 
of  lard,  and  40  per  cent,  of  cotton  seed  oil  would  be  more  likely  to  give 
a  characteristic  beef  fat  crystallization  than  one  madeup  with  10  per  cent, 
stearine,  65  per  cent,  lard,  and  25  per  cent,  cottou  seed  oil,  for  the  pro- 
portion of  lard  to  beef  fat  would  be  greater  in  the  latter  case  and  hence 
more  likely  to  predetermine  a  formation  resembling  the  lard  crystals. 
Under  the  ordinary  conditions  of  crystallization  no  crystals  would  likely 
be  obtained  from  the  cotton  seed  oil.  The  crystallization  shown  in  Fig. 
iS,  Plate  XXXVI,  was  obtained  from  a  concentrated  solution  of  cotton- 
seed stearine  in  ether  after  it  had  stood  at  ordinary  temperatures  for 
nearly  a  week. 
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DESCRIPTION  OF  PLATES. 

Plate  XXIX. 

Fig.    1.  Lard  from  G.  Cassard  &  Sou,  Baltimore.     Serial  No.  5606. 
Fig.    2.  Lard  from  intestine  of  hog  rendered  in  laboratory  U.  S.  Department  Agricult- 
ure.    Serial  No.  5673. 

Plate  XXX. 

Fig.    3.  Lard  from  G.  Cassard  &  Son,  Baltimore.     Different  crystallization  from  Fig.  1. 

Serial  No.  5606. 
Fig.    4.  Prime  steam  lard  from  C.  H.  S.  Mixer,  inspector,  Chicago,  111.     Serial  No.  5662. 

Plate  XXXL 

Fig.  5.  Leaf  lard  rendered  in  laboratory  U.  S.  Department  Agriculture.  Serial  No. 
5674. 

Fig.  6.  Lard  from  intestine  of  hog  rendered  in  laboratory  U.  S.  Department  Agricult- 
ure.    Serial  No.  5673. 

Plate  XXXII. 

Fig.    7.  Lard  from  J.  P.  Squire  &  Co.,  Boston,  Mass.     Serial  No.  5591. 
Fig.    8.  Same  as  Fig.  7.     Another  slide. 

Plate  XXXIII. 

Fig.    9.  Lard  from  Jacob  Shafer,  Baltimore.     Serial  No.  5550. 
Fig.  10.  Leaf  lard  rendered  in  laboratory.     Serial  No.  5674. 

Plate  XXXIV. 

Fig.  11.  Leaf  lard  rendered  in  laboratory.     Serial  No.  5674. 

Fig.  12.  Refined  lard  from  Armour  &  Co.,  Chicago,  111,     Serial  No.  5611. 

Plate  XXXV. 

Fig.  13.  Refined  lard  made  by  Armour  &  Co.,  Chicago,  111.     Serial  No.  5610. 
Fig.  14.  Same  as  Fig.  13.     Another  slide. 

Plate  XXXVI. 

Fig.  15.  Refined  lard  made  by  Fairbank  &  Co.,  Chicago,  111.     Serial  No.  5569. 
Fig.  16.  Refined  lard  made  by  Fairbank  &  Co.,  Chicago,  111.     Serial  No.  5574. 

Plate  XXXVII. 

Fig.  17.  Lard  stearino  made  by  Armour  &  Co.,  Chicago,  111.    Serial  No.  5613. 
Fig.  18.  Cotton-seed  stearine  from  Southern  Cotton  Oil  Trust.     Serial  No.  5680. 

Plate  XXXVIII. 

Fig.  19.  Oleostearine  from  N.  K.  Fairbank,  Chio-ago,  111.     Serial  No.  £644. 
Fig.  20.  Same  as  Fig.  19.    Another  slide. 
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B.— Chemical  Properties. 

(a)  Volatile  or  soluble  and  insoluhle  acids.— The  determination  of  the 
volatile  acid  is  made  iu  the  apparatus  represented  in  Fig.  21.  The  solu- 
ble acid  may  be  estimated  by  the  process  described  in  Bulletin  ^o.  16,  a 
resume  of  which  follows.* 


Fig.  24. 


METHOD   FOR  THE    DETERMINATION    OF    SOLUBLE   AND    INSOLUBLE   ACIDS. 

Reagents. — (1)  A  standard  semi-normal  hydrochloric-acid  solution, 
accurately  prepared. 

(2)  A  standard  deci-normal  soda  solution,  accurately  prepared  ;  each 
Ice.  contains  .0010  grams  of  NaOH  and  neutralizes  .0088  grams  of 
butyric  acid,  C4H8O2. 

(3)  An  approximately  semi-normal  alcoholic  potash.  Dissolve  40  grams 
of  good  stick  potash  in  I  liter  of  95  per  cent,  alcohol,  redistilled.  The 
solution  must  be  clear  and  the  KOH  free  from  carbonates. 

(1)  A  1  per  cent,  solution  of  phenolphthalein  in  95  per  cent,  alcohol. 

Saponification  is  carried  out  in  rubber-stoppered  beer  bottles  hold- 
ing about  250  cc,  or  in  a  round-bottom  strong  flask  used  in  distillation. 

About  5  grams  of  the  melted  butter  fat,  filtered  and  freed  from  water 
ami  salt,  are  weighed  out  by  means  of  a  small  pipette  and  beaker,  which 

*  Bulletin  No.  16,  page  70. 
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are  reweigbed  after  the  sample  has  been  taken  out  and  run  into  a  sa- 
ponification bottle  5  50  CO  of  the  semi-normal  potash  are  added,  the 
bottle  closed  and  placed  in  the  steam-bath  until  the  contents  are  en- 
tirely saponified ,  facilitating  the  operation  by  occasional  agitation.  The 
alcoholic  potash  is  measured  always  in  the  same  pipette,  and  uniformity 
further  insured  by  always  allowing  it  to  drain  the  same  length  of  time, 
viz,  thirty  seconds.  Two  or  three  blanks  are  also  measured  out  at  the 
same  time  and  treated  in  the  same  way. 

In  from  five  to  thirty  minutes,  according  to  the  nature  of  the  fat,  the 
liquid  will  appear  perfectly  homogeneous,  and  when  this  is  the  case  the 
saponification  is  complete,  and  the  bottle  may  be  removed  and  cooled. 
When  sufficiently  cool  the  stopper  is  removed  and  the  contents  of  the 
flask  rinsed  with  a  little  95  per  ceut.  alcohol  into  an  Erlenmeyer  flask 
of  about  200  cc  capacity,  which  is  placed  on  the  steam-bath,  together 
with  the  blanks,  until  the  alcohol  has  evaporated. 

Titrate  the  blanks  with  semi-normal  HOI,  using  phenolphthalein  as 
an  indicator.  Then  run  into  each  of  the  flasks  containing  the  fat  acids 
1  cc.  more  semi-normal  HCl  than  is  required  to  neutralize  to  potash  in 
blanks.  The  flask  is  then  connected  with  a  condensing  tube  3  feet 
long,  made  of  small  glass  tubing,  and  placed  on  the  steam-bath  until 
the  separated  fatty  acids  form  a  clear  stratum  on  the  surface  of  the  liq- 
uid. The  flask  and  contents  are  then  allowed  to  become  thoroughly 
cold,  ice-water  being  used  for  cooling. 

The  fatty  acids  having  quite  solidified,  the  contents  of  the  flask  are 
filtered  through  a  dry  filter  paper  into  a  liter  flask,  care  being  taken 
not  to  break  the  cake.  Two  hundred  to  three  hundred  cubic  centime- 
ters of  hot  water  is  next  poured  on  the  contents  of  the  flask,  the  cork 
with  its  condenser  tube  re-inserted,  and  heated  on  the  steam-bath  until 
the  cake  of  acids  is  thoroughly  melted,  the  flask  being  occasionally  agi- 
tated with  a  circular  motion,  so  that  none  of  its  contents  are  brought  on 
the  cork.  When  the  fatty  acids  have  again  separated  as  an  oily  layer, 
the  flask  and  its  contents  are  cooled  in  ice-water,  and  the  liquid  filtered 
through  the  same  filter  into  the  same  liter  flask.  This  treatment  with 
hot  water,  followed  by  cooling  and  filtration  of  the  wash- water,  is  re- 
peated three  times,  the  washings  being  added  to  the  the  first  filtrate. 
The  mixed  washings  and  filtrate  are  next  made  up  to  1  liter,  and  100  cc, 
in  duplicate,  are  taken  and  titrated  with  deci-normal  ili^aOH.  The  volume 
required  is  calcuated  to  the  liquid.  The  number  so  obtained  represents 
themeasure  of  deci-normal  NaOH  neutralized  by  the  soluble  fatty  acids 
of  the  butter  fat  taken,  i^lus  that  corresponding  to  the  excess  of  the 
standard  acid  used,  viz,  1  cc.  The  amount  of  soda  employed  for  the 
neutralization  is  to  be  diminished,  for  the  1  liter,  by  5  cc,  corresponding 
to  the  excess  of  1  cc  J  N.  acid. 

This  corrected  volume,  multiplied  by  the  factor  .0088,  gives  the  buty- 
ric acid  in  the  weight  of  butter  fat  employed.     (See  table.) 
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The  flask  coutaining  tlio  cake  of  iusoluble  fat  acids  is  inverted  aud 
allowed  to  drain  and  dry  for  twelve  Lours  (Fig.  24  bis),  together  with 
the  filter  paper  through  which  its  soluble  fatty  acids  have  beeu  filtered. 
When  dry  the  cake  is  broken  up  and  transferred  to  a  weighed  glass 
evaporating  dish.  Eemove  from  the  dried  filter  paper  as  much  of 
the  adhering  fat  acids  as  possible  and  theu  add  them  to  the  contents  of 
the  dish.  The  funnel,  with  the  filter  paper,  is  then  placed  in  an  Erlen- 
meyer  flask,  a  hole  is  made  in  the  bottom  of  the  filter  paper,-  and  it  is 
thoroughly  washed  with  absolute  alcohol  from  a  wash  bottle.  The  flask 
is  rinsed  with  the  washings  from  the  filter  paper  and  pure  alcohol,  and 
these  transferred  to  the  evaporating  dish.  The  dish  is  placed  on  the 
steam-bath  and  the  alcohol  driven  off.  It  is  theu  transferred  to  the  air 
bath  and  dried  at  100^  C.  for  two  hours,  taken  out,  cooled  iu  a  desicca- 
tor, and  weighed.  It  is  then  again  placed  iu  the  air-bath  and  dried  for 
another  two  hours,  cooled  as  before,  and  weighed.  If  there  is  no  con- 
siderable decrease  in  weight  the  first  weight  will  do:  otherwise,  re- 
heat two  hours  and  weigh.  This  gives  the  weight  of  iusoluble  fiit  acids 
in  the  quantity  taken,  from  which  the  percentage  is  easily  calculated. 

Table  for  the  calculaiion  of  soluhle  fatty  acids. 


Xo.  cc  KOn  Sol. 


i  Equiva- 
lent. 


10        

GrarT'S. 
.08^0 

11  . 

.0968 

12  ..  . 

.  1056 

13  

.1144 

14 

15 

.  1232 
.1320 

IG 

.1408 

17 

.3496 

IS 

.]584 

19 

.1672 

20 

.1760 

21 

.1848 

22  

.1936 

23 

.2024 

24 

.2112 

25 

.2200 

20 

.2288 

9y 

,2376 

28 

.2464 

29 

.9552 

30 

.2640 

10 
XaOH. 

Equiva- 
lent. 

+.25 

Grams. 
.0S02 

25 

.  ODGO 

25 

.1078 

25 

.1166 

25 

.1254 

25 

.1342  ' 

25 

,1430 

25 

.1518 

25 

.1600 

25 

.1C94 

25 

.  1782 

25 

.1870 

25 

.1958 

25 

.204G 

25 

.2134 

25 

.2222  1 

25 

.2310  1 

25 

.2398  ; 

25 

. 2488  1 

25 

. 2574  : 

25 

.  2662  , 

1 

]0 

Is'aOH. 


Equiva- 
lent. 


IsaOH. 


Equiva- 
lent. 


-L.OO 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 


Grams. 
,0924 

.1012 

.liOO 

.1188 

,  1276 

.1364 

.  1452 

.  1540 

.1028 

.  1716 

.1804 

.1892 

-KSO 

.2068 

.  2156 

.2244 

.2332 

.2420 

.2508 

.2596 

.2084 


-f. 


75 


75 


Crams. 
.0946 

.1034 

.1122 

.1210 

.  12£8 

.1386 

.1474 

.1562 

.1650 

.1738 

.1826 

.1914 

.2002 

.2090 

.2178 

.2260 

.  2354 

.2442 

.2530 

.2618 


The  table  gives  the  weight  of  soluble  acids  (butyric,  etc.)  for  each 
quarter  of  a  cubic  centimeter  of  deci-normal  alkali  from  10  to  30. 
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Jix  ample. 

Grams. 

Weight  fat  taken 4.967 

N 
No.  cc  -TK  alkali  used 25.  50 

N 
Less  5cc  due  to  lee  ^j  acid 20.  50 

Weip^ht  soluble  fat  acids 1S04 

Per  cent,  scduble  fat  acids 3.  63 

The  modiflcatiou  introduced  into  the  above  method  is  in  making  the 
Hask  in  which  the  saponification  takes  i)Uice  and  from  which  the  dis- 
tillation is  made  the  same.  For  this  purpose  a  specially-made  flask 
suclj  as  is  used  in  the  digestion  in  the  Kjeldahl  method  of  determining 
nitrogen  is  employed.  Tbis  flask  is  made  of  extra  heavy  glass,  well  an- 
nealed and  quite  heav3^,  so  as  to  resist  the  pressure  of  the  tension  of  the 
alcohol  at  the  temperature  of  the  steam -batb.  The  sample  of  fat  with 
tlie  saponifying  re-agents  Laving  been  jilaced  in  the  flask,  a  stopper  of 
soft  cork  is  inserted  and  tied  down  with  a  string  or  wire  as  represented 
in  Fig.  25.  The  flask  is  then  placed  upon  a  steam-bath  and  heated  for 
one  hour,  at  the  end  of  which  time  the  fats  will  be  found  saponifled  and 
any  ether  which  may  have  been  developed  decomposed  by  the  excess 
of  alkali  present.  After  cooling  the  stopper  of  the  flask  is  removed, 
the  alcohol  evaporated,  and  the  decomposing  acid  added,  and  the  dis- 
tillation carried  on  essentially  in  the  manner  described. 


This  method  of  procedure  avoids  the  possibility  of  any  loss  wliich 
might  ensue  in  transferring  the  saponified  fats  from  the  vessel  in  which 
the  saponification  took  place  into  the  distilling  flask. 
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In  evaporating  the  aicoiiol  the  residual  soap  sometimes  frotlis  and 
fills  the  flask.  This  is  avoided  hy  removing  the  flask  from  the  steam- 
bath  when  signs  of  frothing  are  shown  and  rolling  it  in  such  a  manner 
as  to  coat  the  bottom  and  lower  fourth  of  the  flask  with  a  film  of  soap. 
The  flask  should  also  be  inverted  and  waved  to  and  fro  towards  the  end 
of  the  evaporation  in  order  to  remove  the  vapor  of  alcohol. 

The  method  proposed  by  WoUny*  has  also  been  used  in  the  estima- 
tion of  volatile  acids.     The  method  is  as  follows : 

Five  grams  of  the  fat  are  weighed  into  an  Erlenmeyer  flask ;  lOcc 
of  alcohol  at  05  per  cent,  and  2cc  of  concentrated  soda  lye  at  50  per 
cent.,  which  has  been  preserved  in  an  atmosphere  free  of  carbonic 
acid,  are  added.  The  flask,  furnished  with  a  reflux  condenser,  is  heated, 
with  occasional  shaking,  in  a  boiling  water- bath  for  one- quarter  of  an 
hour.  The  alcohol  is  then  distilled  off  by  allowing  the  flask  to  remain 
for  three-quarters  of  an  hour  in  a  boiling- water  bath.  One  hundred 
cubic  centimeters  of  recently-boiled  distilled  water  are  then  added  and 
allowed  to  remain  in  the  water  until  the  soap  is  dissolved.  The  soap 
solution  is  then  immediately  decomposed  with  40cc  of  dilute  sulphuric 
acid  (25cc  sulphuric  acid  to  1  liter),  and  the  flask  immediately  con- 
nected with  the  condenser.  This  connection  is  made  by  means  of  a 
7mm  diameter  glass  tube,  which,  1cm  above  the  cork,  is  blown  into  a 
bulb  2cm  in  diameter;  the  glass  tube  is  carried  obliquely  upwards 
about  6cm  and  then  bentobliquely  downwards;  it  is  connected  with  the 
condenser  by  a  not  too  short  rubber  tube.  The  flask  is  warmed  by  a 
small  flame  until  the  insoluble  acids  are  melted  to  a  clear  transpar- 
ent liquid.  The  flame  is  then  turned  on  with  such  strength  that  within 
half  an  hour  exactly  llOcc  are  distilled  off.  One  hundred  cubic  centi- 
meters of  the  distillate  are  filtered  off,  placed  in  a  beaker  glass,  Ice 
of  phenolphthalein  solution  added  and  titrated  with  tenth  normal  ba- 
rium hydrate  solution  when  the  red  color  is  shown  the  contents  of  the 
beaker  glass  are  poured  back  into  the  measuring  glass  in  which  the 
lOOcc  were  measured,  again  poured  back  into  the  beaker,  and  again 
titrated  with  the  barium  solution  until  the  red  color  becomes  perma- 
nent. The  distillation  should  take  place  in  as  nearly  thirty  minutes  as 
possible. 

GENEKAL  DIRECTIONS   FOR   WEIGIIIXG    THE    FATS    FOR    THE   ABOVE  DETERMINATION. 

The  difficulty  of  measuring  exactly  5  grams,  as  indicated  above,  is 
considerable.  Since  the  si)ecific  gravity  of  a  fat  at  any  given  temper- 
ature, say  35°  or  40°,  is  accurately  known,  I  find  it  more  convenient 
to  measure  out  into  the  dask  a  volume  of  the  melted  fat  which  will 
weigh  approximately  5  grams.  This  can  be  conveniently  done  by  a 
graduated  pipette,  which  should  previously  be  warmed  to  a  temperature 
slightly  above  that  of  the  melted  fat  with  which  it  is  to  be  used.  Let 
the  specific  gravity  of  the  fat  to  be  used  at  the  temperature  of  measure- 

'*  Milcli  Zeitimg,  No.  25,  1888. 
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meut  be  .903,  then  the  number  of  cubic  centimeters  required  to  weigh  5 
grams  would  be  5-^-.903=5.54cc.  In  a  case  of  that  kind,  therefore,  o.Gcc 
of  the  fat  should  be  measured  into  the  flask  and  its  weight  accurately 
determined. 

Certain  precautions  are  necessary  in  weighing  the  samples  of  fat  in 
order  to  secure  uniform  results.  Since  the  temperature  at  which  the 
fat  is  manipulated  must  be  kept  approximately  at  from  35°  to  40^,  the 
method  of  weighing  from  a  weighing-bottle  is  objectionable.  Not  only 
is  it  difficult  to  gauge  the  amount  poured  out  from  the  weighing-bottle, 
but  the  falling  temperature  influences  considerably  successive  weights. 
The  samples  should  therefore  be  weighed  In  the  flasks  in  which  the 
saponification  is  to  take  place.  In  case  this  is  done  in  an  Erlenme3'er 
flask,  it  can  be  placed  directly  upon  the  pan  of  the  balance.  If  the 
round-bottom  flasks  are  used,  however,  they  may  either  be  held  in  a 
light  beaker  glass  on  the  pan  of  the  balance  or  suspended  from  a  hook 
of  the  balance  b}^  a  linen  thread.  The  flasks  in  which  the  weighings 
are  to  be  made  should  not  be  wiped  with  a  towel  or  silk  handkerchief 
within  fifteen  minutes  of  the  time  the  weight  is  taken.  It  is  best  in 
^yeighing  these  flasks  to  remove  the  desiccating  material  from  the  inte- 
rior of  the  balance,  so  as  to  avoid  changes  in  the  amount  of  moisture 
deposited  on  the  sides  of  the  flask  during  the  time  the  weighing  takes 
place.  The  flask  should  stand  in  or  near  the  balance  for  not  less  than 
fifteen  minutes  before  the  weighing  is  made.  The  flask  should  be 
cotmterpoised  on  the  weight-pan  of  the  balance  by  a  duplicate  flask 
treated  in  the  same  way.  The  empt^^  flask  having  been  weighed,  it  is 
removed  from  the  balance  and  a  measured  quantity  of  the  fat  run  into 
it  from  a  graduated  pipette.  The  flask  is  now  replaced  upon  the  pan 
of  the  balance  or  suspended  from  a  hook  by  a  linen  thread,  as  before 
described.  The  reweighing  of  the  flask  should  not  take  place  before 
five  minutes,  so  that  the  fat  may  have  time  to  cool. 

ExamjyU.  Grams. 

Weiglit  of  flask  couuterbalaucecl 4.  3611 

WeigMof  flask  pins  fat 9.3711 

Weight  of  fat 5.  0100 

In  the  above  case  the  weight  of  fat  which  was  required  was  5  grams, 
and  the  amount  as  measured,  as  seen  by  the  above  results,  was  almost 
exactly  that  required.  At  the  end  of  the  operation  the  results  can  be 
calculated  to  exactly  5  grams  by  simple  proportion. 

(6)  Saponification  equivalent. — About  2.5  grams  fat  (filtered  and  free 
from  water)  are  weighed  into  a  patent  rubber-stoppered  bottle  or  flask, 
as  described  above,  and  25cc  approximately  semi-normal  alcoholic  pot- 
ash added.  The  exact  amount  taken  is  determined  by  weighing  a  small 
pipette  with  the  beaker  of  fat,  running  the  fat  into  the  bottle  from  the 
pipette,  and  weighing  beaker  and  pipette  again,  or  the  method  described 
above  may  be  used.  The  alcoholic  potash  is  measured  always  in  the 
same  pipette,  and  uniformity  further  insured  by  always  allowing  it  to 
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drain  the  same  leDgth  of  time  (thirty  secouds).  The  bottle  is  then  pkiced 
in  the  steam-bath,  together  with  a  blank,  containing  no  fat.  After 
saponification  is  complete  and  the  bottles  cooled,  the  contents  are 
titrated  with  accnrately  semi- normal  hydrochloric  acid,  nsing  phenolph- 
thalein  as  an  indicator.  The  nnmber  of  cnbic  centimeters  of  the  acid 
nsed  for  the  sample  dedncted  from  the  number  required  for  the  blank 
gives  the  number  of  cubic  centimeters  which  combines  with  the  fat, 
and  the  saponification  equivalent  is  calculated  by  the  following  formula, 
in  which  TT  equals  the  weight  of  fat  taken  in  milligrams  and  X  the 
number  of  cubic  centimeters  which  have  combined  with  the  fat. 

Sap.  equiv.  =  -^^ 

If  it  is  desirable  to  express  the  number  of  milligrams  of  potash  for 
each  gram  of  fat  employed,  it  can  be  done  by  dividing  5,610  by  the 

saponification  ecjuivalent  and  multiplying  the  quotient  by  10. 

PRESERVATIOX    OF    TUE    REAGENTS   USED  IN  DETERMIXIXG  THE  VOLATILE    ACIDS   AND 
SAPOXIFICATIOX  EQUIVALEXTS. 

In  order  to  secure  uniformity  of  strength  in  the  deci-normal  and  ap- 
proximately semi-normal  alkali  solution  employed  in  the  above  opera- 
tioES,  it  is  necessary  that  they  be  preserved  out  of  contact  with  the  car- 
bonic acid  in  the  air.  This  is  best  done  by  the  apj^aratus  used  for  sup- 
plying burettes.  In  the  (J  tube  of  this  apparatus  is  placed  some  of  the 
solution  which  is  to  be  preserved  in  the  flask  itself.  The  air,  therefore, 
which  enters  the  bottle  as  the  solutions  are  withdrawn  is  entirely  de- 
prived of  carbonic  acid  by  passing  through  the  tube. 

(c)  Iodine  number — Reagents. — Twenty-five  grams  of  pure  iodine  dis- 
solved in  oOOcc  of  strong  alcohol.  Thirty  grams  of  mercuric  chloride 
dissolved  in  oOOcc  of  strong  alcohol. 

The  solution  of  mercuric  chloride  is  to  be  poured  into  the  iodine  solu- 
tion. The  iodine  solution  undergoes  a  constant  change,  by  which  its 
i:)erceutage  of  free  iodine  is  diminished.  This  has  been  ascribed  to  the 
presence  of  impurities  in  the  alcohol,  but  is  doubtless  due  to  a  conver- 
sion of  the  iodine  into  hydroiodic  acid  and  to  the  disturbing  influence 
of  the  chloroform  used  in  the  subsequent  process.  There  are,  however, 
local  changes  in  the  strength  of  the  iodine  solution  which  are  noticed 
from  day  to  day,  as  is  indicated  in  the  examifles  which  follow,  the  iodine 
solution  being  apjoarently  stronger  some  days  than  others.  These  loca^ 
variations  may  also  be  ascribed  to  the  influence  of  the  chloroform  on  the 
iodine  solution.  It  is  therefore  of  the  utmost  importance  that  the  blank 
titrations  in  which  the  strength  of  the  iodine  solution  is  determined 
should  be  made  on  the  measured  portion  of  the  solution,  treated  with 
the  same  amount  of  chloroform,  and  allowed  to  stand  the  same  length 
of  time  as  the  samples  containing  the  oils  or  fats  whose  iodine  numbers 
are  to  be  determined.  By  this  method,  although  the  strength  of  the 
iodine  solution  may  appear  to  vary  from  day  to  day,  yet  this  variation 
will  take  place  jj«r/^;ass?i  with  the  change  in  the  strength  of  the  iodine 
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solution  ill  contact  with  the  oils  under  exarpination.  The  effect  there- 
fore of  this  change  will  not  be  felt  upon  the  number  which  expresses 
the  percentage  of  iodine  absorbed. 

As  an  illustration  of  the  progressive  change  in  the  strength  of  the 
iodine  solution  the  following  examples  are  given.  In  each  case  the 
strength  was  determined  by  titration  with  a  deci-normal  thiosulphate 
of  soda  solution : 

A  solution  of  iodine,  made  up  as  indicated,  showed  the  following 
strength  on  the  dates  indicated  : 


Date. 
April   5,1888  .. 

Iodine 
solution 

cc. 

10 

Thiosulphate 

solution. 

ce. 

18.2 

April  11, 1888  .. 

10 

= 

17.8 

April  13, 1888.. 

10 

= 

19.0 

April  14, 1888  .. 

10 

= 

18.3 

April  16, 1888  . . 

10 

= 

18.4 

April  17, 1838  - . 

10 

= 

18.0 

April  19, 1888.. 

10 

= 

19.4 

April  20, 1888  . . 

10 

= 

18.5 

April  23, 1888  . . 

10 

= 

17.9 

The  iodine  solution  was  now  allowed  to  stand  in  a  thick  green  glass 
bottle  until  the  10th  of  November,  1888.  On  that  date  it  was  found  that 
lOcc  of  the  solution  of  iodine  required  only  7.3cc  of  the  solution  of 
thiosulphate  soda  to  neutralize  it.  It  is  thus  seen  that  during  that  time 
two-thirds  of  the  iodine  had  disappeared. 

JDeci-normal  solution  of  thlosuJnliate  of  soda  {hyposulpJiite  of  soda), — 
Reduce  to  a  fine  powder  about  30  grams  of  the  purest  recrystallized 
thiosulphate  of  soda  ;  spread  this  salt  in  a  thin  layer  over  a  clean  white 
blotting  pad ;  cover  with  another  pad  and  subject  to  pressure.  After 
two  or  three  minutes  remove  the  pad,  pour  the  powdered  salt  into  a 
dish,  and  repeat  the  drying  operation.  It  is  better  to  put  the  salt  all 
into  a  dish  and  respread  therefrom  on  the  blotting-pad  than  to  stir  the 
salt  on  the  pad  with  a  spatula.  By  this  latter  method  some  fibers  of 
paper  may  be  mixed  with  the  salt.  Weigh  exactly  24.8  grams  of  the 
dried  salt  and  make  up  to  one  liter,  at  the  temperature  at  which  the 
titrations  are  made,  with  recently-boiled  distilled  water.  Since  the  pure 
salt  is  used  the  solution  will  be  exactly  deci-normal.  Its  strength, 
however,  may  be  set  by  weighed  portions  of  resublimated  iodine,  of 
which  about  1  gram,  weighed  from  a  weighing  bottle,  should  be  taken 
for  each  determination.  The  solution  of  hyposulphite  of  sodium  may 
also  be  set  in  the  following  way :  Dissolve  3.874  grams  chemically  pure 
bichromate  of  potassium  in  distilled  water  and  make  the  volume  up  to 
one  liter.  Place  20cc  of  this  solution  in  a  glass-stoppered  flask  to 
which  has  been  added  lOcc  of  a  10  per  cent,  iodide  of  potassium  solu- 
tion and  occ  of  strong  hydrochloric  acid.  Allow  the  thiosulphate  of  so- 
dium solution  to  flow  into  the  flask  from  a  burette  until  the  yellow 
color  of  the  liquid  has  almost  disappeared.  Add  a  few  drops  of  starch 
paste,  and  with  constant  shaking  continue  to  add  the  thiosulphate  so- 
lution until  the  blue  color  just  disappears.     The  number  of  centimeters 
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of  tliiosulpbate  solution  used  multiplied  by  5  is  equivalent  to  1  gram 
of  iodine. 

Iodide  of  potassium  solution. — One  part  of  iodide  of  potassium  in  ten 
parts  of  water. 

Starch  paste. — One  gram  of  starcli  in  fine  po\Yder  suspended  in  100 
parts  of  water  and  heated  to  the  boiling-point.  The  paste  must  be 
cooled  to  the  temperature  of  the  room  before  using. 

Mani]f)ulation. — The  quantity  of  fat  to  be  used  is  determined  by  its 
nature.  If  it  cousist  largely  of  cotton  oil  one-half  gram  is  sufficient. 
If  it  be  mostly  pure  lard,  one  gram  may  be  taken.  A  measured  quan- 
tity of  the  fat  corresponding  to  the  weight  desired  is  run  into  a  recently- 
weighed  glass- stoppered  flask,  and  after  a  few  minutes  the  weight  of 
the  flask  and  oil  taken  with  x)recautions  already  noted.  The  fat  is  now 
dissolved  in  lOcc  of  chloroform  ,•  from  20  to  30cc  of  the  iodine  solu- 
tion are  then  added  from  a  burette.  If  the  solution  is  not  perfectly  clear, 
more  chloroform  should  be  added.  The  amount  of  iodine  employed 
should  be  large  enough  to  leave  an  excess  of  8  or  lOcc  unabsorbed  at 
the  end  of  the  reaction.  It  is  imi)ortant,  to  secure  comparative  results, 
to  have  the  amount  of  iodine  in  excess  in  each  case  approximately  the 
same.  This  can  be  easily  secured  by  a  preliminary  determination  of  the 
approximate  amount  of  iodine  absorbed.  At  the  same  time  two  blank 
determinations  are  made  to  determine  the  strength'  of  the  iodine  solu- 
tion; the  manipulation  in  all  cases  being  the  same  as  in  those  samples 
containing  the  fat,  save  that  the  fat  is  omitted.  After  standing  for  two 
hours  from  10  to  20cc  of  the  iodide  potassium  solution  are  added  and 
ISOcc  of  distilled  water,  and  the  liquids  thoroughly  shaken  together. 
The  decinormal  solution  of  thiosulphate  of  soda  i«  added  until  the  yel- 
low color  of  the  liquid  has  almost  disappeared.  The  titration  is  con- 
tinued after  the  addition  of  a  few  drops  of  starch  paste  until  the  blue 
color  has  entirely  disappeared. 

Examrple.  Grams. 

Weight  of  flask 74.1288 

Weight  of  flask,  plus  fat 74.8168 

Weight  of  fat 6880 

After  the  addition  of  lOcc  of  chloroform  and  30cc  iodine  solution  the 
flask  was  allowed  to  stand  two  hours.  Twenty  cubic  centimeters  of  the 
iodide  solution  were  then  added  and  loOcc  of  water,  and  the  titration 
made  with  deci-normal  thiosulphate  solution,  using  starch  paste  as  in- 
dicator. The  amount  of  thiosulphate  used  was  21.2cc.  The  strength 
of  the  iodine  solution  determined  by  blank  experiment  was  lOcc  of  the 
iodine  solution =19.4cc  of  thiosulphate  solution.  Since  30cc  of  the 
iodine  solution  were  used  the  amount  of  decinormal  thiosulphate  solu- 
tion necessary  to  combine  with  the  whole  of  the  iodine  would  be  58.2cc  j 
then  58.2cc  —  21.2cc  =  37cc,  the  number  of  cubic  centimeters  equiva- 
lent to  the  iodine  absorbed  by  the  fat.  In  a  deci-normal  thiosulphate 
solution  each  cubic  centimeter  equals  .0127  grams  of  iodine;  the  total 
amount  of  iodine  absorbed  therefore  was  37  x  .0127  =  .d690g.  Then  the 
percentage  of  iodine  absorbed  =  .4699  x  100  -^  .088  =  C8.29, 
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To  avoid  the  distarbing  effect  of  the  chloroform  iu  the  above  process 
Mr.  A.  H.  Allen  recommends  the  use  of  the  fat  acids  for  absorbing 
iodine  instead  of  the  natural  glycerides. 

(d)  Reaction  ivitli  nitrate  of  silver. — *  The  solutions  used  have  been  of 
two  kinds,  viz:  {a)  one-fifteenth  to  one-tenth  gram  of  Ag  ^O^  in  200cc 
of  950  alcohol  and  20cc  ether. 

Of  this  solution  lOcc  should  be  taken  for  each  test.  (Z>)  One  gram 
Ag  iS'^Og  in  200cc  of  equal  parts  of  alcohol  and  ether.  Of  this  solution 
Ice  was  used.  The  mixture  of  85  parts  of  amyl  alcohol  and  15  parts 
of  rape-seed  oil  was  the  same  in  both  cases,  lOcc  of  the  mixture  beiug 
used  in  each  test.  The  method  of  making  the  test  has  also  been  changed. 
I  use  a  porcelain  dish  8  to  10cm  in  diameter.  The  re-agents  with  the 
oil  (lOcc)  are  thoroughly  mixed  by  shaking  in  a  test  tube  and  then  poured 
into  the  dish  and  placed  on  a  steam  bath.  The  contents  of  the  dish  are 
occasionally  stirred  and  the  heating  is  continued  for  twenty  minutes. 
The  deposition  of  silver  on  the  dish  is  easily  seen  and  the  resultiug  col- 
ors show  more  clearly  on  the  white  porcelain. 

Solution  {!))  acts  more  promptly  than  («;),  but  the  results  with  (a)  are 
more  satisfactory. 

The  order  of  the  phenomena  will  be  fouud  to  be  as  follows: 

For  pure  cotton  oils. — In  from  two  minutes  to  three  minutes  the  mixt- 
ure turns  red.  In  five  to  ten  minutes  the  red  color  becomes  so  brown 
as  to  appear  black,  in  thick  layers.  At  the  end  of  the  test  metallic  sil- 
ver is  deposited  on  the  sides  of  the  dish  varying  in  color  from  bluish  black 
to  reddish  purple.  The  liquid  carries  also  i:)articles  of  reduced  silver 
and  has  a  decided  greenish  tint. 

\Yith  lards  containing  more  than  20  per  cent,  of  cotton  oil  the  phe- 
nomena observed  above  are  repeated,  but  not  so  promptly. 

Even  with  very  small  percentages  of  cotton  oil,  the  characteristic  re- 
actions are  given. 

Animal  fats  give  no  color,  under  similar  treatment,  or  at  most  a  faint 
red  after  twenty  minutes. 

Of  vegetable  oils  I  have  examined  rape  seed,  olive,  peanut,  and  lin- 
seed.    These  act  with  the  re  agent  like  tbe  a'oimal  fats. 

One  hundred  samples  of  lard  and  twenty-fivesamplesof  cotton  oil  have 
been  examined  by  Bechi's  test.  In  no  case,  where  cotton-seed  oil  has 
been  present,  has  the  test  failed  in  detecting  it,  except  in  two  doubtful 
cases  of  alleged  cotton  oil  to  be  mentioned  further  on. 

Of  the  100  samples  of  lard  examined  T-l  were  found  to  be  adulterated 
with  cotton  oil. 

SOME   TECULIAR   REACTIONS. 

The  reaction  with  crude  cotton  oil  is  not  as  sharp  as  with  the  refined 
oil.  The  deep  red  color  of  the  sample  seems  to.  obscure  the  final  color 
reactions.  .  . 

Linseed  oil  gave  a  reddish  color  but  no  reduction  of  silver.    In  three 

*  Journal  of  Analytical  Chemistry,  Vol.  2,  part  3,  July,  188^. 
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samples  of  lard  made  by  us  from  the  leaf,  guts,  and  head,  respectively, 
of  the  same  liog,  the  re-agent  acted  in  the  same  way.  There  was  a 
slightly  greater  coloration  with  the  head  and  gut  lard  than  with  the  leaf. 

In  samples  of  "prime  steam  lard  "passed  by  the  Chicago  Board  of 
Trade  and  made  from  the  trimmings  of  the  whole  animal,  not  presum- 
ably including  the  leaf,  there-agent  gave,  after  twenty  minutes,  a  slight 
brownish  red  color,  but  no  appreciable  reduction. 

In  the  whole  number  of  examinations  made  there  were  three  or  four 
cases  in  which  the  results  appeared  doubtful.  A  slight  reduction  of 
the  silver  was  observed  and  a  color  approaching  a  brown-black,  but  not 
with  sufficient  positiveness  to  prove  the  presence  of  cotton  oil.  These 
I  have  included  under  the  adulterated  samples. 

In  general,  it  may  be  said  that  any  degree  of  adulteration  of  lard  with 
cotton  oil  which  would  prove  commercially  profitable  is  at  once  detected 
with  certainty  by  Bechi's  test. 

On  the  other  hand  very  impure  lards  containing  no  cotton  oil  will 
give  color  reactions  and  a  trace  of  reduction  of  metallic  silver  with 
Bechi's  re-agents  similar  but  not  identical  with  a  trace  of  cotton  oil. 

The  reaction  is  undoubtedly  the  most  valuable  single  test  for  cotton 
oil  which  has  been  proposed. 

It  remains  to  be  seen  what  reactions  lard  which  is  made  from  swine 
fattened  on  mast  or  cotton  meal  will  give  with  these  reagents.  The 
nature  of  the  reducing  agent  has  not  yet  been  determined.  It  has  been 
suggested  that  it  is  an  aldehyde.  It  appears  to  withstand  saponifica- 
tion, and  Milliau  has  lately  proposed  to  use  the  test  on  the  free,  fatty 
acids  of  cotton  oil. 

Since  cotton  oil  is  sometimes  refined  with  alkaline  substances,  and 
thus  retains  an  alkaline  reaction,  it  may  happen  in  the  application  of 
the  above  test  that  a  sufficient  amount  of  alkali  is  present  to  reduce 
the  nitrate  of  silver  to  oxide.  In  such  a  case  the  proper  reaction  of  the 
cotton  oil  may  be  wholly  obscured.  To  avoid  this  it  is  best  to  make 
the  solution  of  nitrate  of  silver  distinctly  acid  by  the  addition  of  a 
small  quantity  of  pure  nitric  acid. 

MILLIAU'S   METHOD    OF    APPLYI^'G   THE   IS'ITEATE    OF   SILVER   TEST. 

The  method  of  Milliau  differs  from  that  of  Bechi  in  applying  the 
solution  of  silver  nitrate  to  the  fat  acids  instead  of  to  the  original  glyc- 
erides.  The  saponification  may  be  made  in  any  of  the  usual  ways. 
About  occ  of  the  fat  acids  are  sufficient  for  making  the  test,  which  is 
carried  on  in  a  test  tube  12cc  in  length  and  3cc  in  diameter.  To  the 
acid  are  added  20cc  of  strong  alcohol  and  heat  applied  until  the  fat 
acids  are  dissolved.  Add  2cc  of  a  silver  nitrate  solution  containing 
30  grams  of  silver  nitrate  in  lOOcc  of  water;  heat  in  steam  bath 
until  about  one-third  of  the  alcohol  is  evaporated.  At  the  end  of  this 
time,  if  the  samples  be  cotton  oil  or  contain  cotton  oil  the  silver  will  be 
reduced   to  a  metallic  state,  producing  a  brown  or  black  color  in  the 
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liquid,  or  give  particles  of  reduced  s^'lver  in  the  liquid  or  on  tbe  sides  of 
the  tube.* 

I  have  employed  the  following  modification  of  Alilliau's  method,  which 
acts  more  satisfactorily  than  the  original. 

The  re-agents  are  placed  in  a  round-bottomed  porcelain  dish  of  about 
oOcc  capacity.  The  silver  re- agent  is  acidified  by  the  addition  of  from  .5 
to  Ice  of  pure  nitric  acid.    The  reaction  is  conducted  on  a  steam  bath. 

With  the  fat  acids  of  cotton  oil  the  order  of  phenomena  is  as  follows: 

The  fat  acid  being  thoroughly  dissolved  and  warmed  t-o  the  evap- 
orating point  of  the  alcohol,  2cc  of  silver  re-agent  are  added  and  quickly 
stirred  in  with  a  glass  rod.  An  almost  immediate  deep  brown  colora- 
Hion  is  noticed,  passing  quickly  to  black.  As  the  alcohol  evaporates, 
the  reduced  silver  collects  in  mirror-like  scales  and  is  carried  onto  the 
sides  of  the  dish  by  the  escaping  alcohol.  In  a  few  minutes  the  liquid 
begins  to  grow^  clear  again,  and  in  ten  minutes  almost  the  whole  of  the 
reduced  silver  is  attached  to  the  sides  of  the  dish. 

The  fatty  acids  for  use  in  this  modification  were  separated  in  the 
summer  of  188S,  but  on  account  of  a  stress  of  other  duties  the  work 
was  not  done  until  in  December.  The  notes  of  these  tests  were  mis- 
laid, and  in  February,  1889,  the  vrork  was  again  done. 

The  results  of  the  second  set  of  determinations  were  quite  surprising, 
and  lead  one  to  suppose  that  the  fat  acids  should  not  bo  kept  a  long 
while  before  treatment  with  the  silver  solution.! 

In  most  cases  the  reactions  were  quick  and  satisfactory,  but  in  a  few 
cases  entirely  misleading.  The  fat  acids  of  some  cotton  oils  failed  to 
give  any  reductions  whatever,  and  in  some  of  the  mixed  lards,  where 
cotton-oil  was  known  to  be  present,  the  reduction  was  so  slight  as  to  be 
wholl}'  useless  for  analytical  purposes.  My  experience  with,  more 
recently-prepared  samples  showed  that  in  such  cases  the  anomalies 
mentioned  above  are  not  repeated.  With  pure  lards  there  was  also  a 
trace  of  reduction  noticed  in  some  cases,  which  I  suppose  would  not  be 
seen  in  the  freshly-prepared  samples.  The  reaction  with  cottonseed  oil 
acids,  when  it  appeared  at  all  was  so  clear  and  unmistakable,  as  to  lead 
me  to  believe  that  in  these  resi^ects  the  process  of  Milliau  is  an  improve- 
ment on  the  method  of  Bechi.  In  the  instances  marked  "^  trace  of  reduc- 
tion "  the  separation  of  a  slight  amount  of  a  substance  was  noticed, 
which,  however,  was  usually  of  a  brown  color,  and  did  not  resemble  in 
any  marked  degree  the  intense  biue-black  mirror-like  deposit  of  silver 
by  i^ure  cotton  oil.  The  use  of  the  terms  trace  of  reduction  and  slight 
reduction  in  the  tables  should  not  be  construed  into  evidence  of  the 
presence  of  cotton-oil  fat  acids  in  the  samples  so  marked. 

The  marlced  and  heavy  reductions  were  attended  by  an  immediate 
brown  color  on  adding  the  re-agent,  passing  rapidly  into  black.  After 
heating  for  a  few  minutes  the  silver  was  deposited  as  black  mirror-like 

*  Journal  of  the  Chemical  Society,  August  31,  18H8. 

tThis  loss  of  reducing  power  in  samples  of  cotton  oil  long  kept  has  also  been  no- 
ticed by  other  observers.  , 
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particles  on  the  sides  of  the  dish  and  the  liquid  became  almost  colorless 
again. 

warren's   chloride   OF   SULPHUR   TEST. 

The  method  of  investigation  employed  was  the  one  described  by 
Warren.*     It  is  as  follows  f 

Five  grams  of  the  oil  or  mixture  are  weighed  in  a  tared  porcehiin  dish,  which  is 
well  glazed  both  inside  and  out;  it  should  have  a  capacity  of  about  4  ounces,  so  as  to 
avoid  hjss  from  spitting.  It  should  nofc  he  covered.  Two  cuhic  centimeters  carbon 
disalphide  are  stirred  in  and  2cc  of  the  mixture  of  sulphur  chloride  added.  It  is  now 
placed  on  a  hot  water  hath  and  well  stirred  uutilthe  action  is  fairly  commenced ; 
Avhen  solidified  it  is  placed  in  a  warm  chamber,  so  as  to  drive  off  all  volatile  products. 
When  two  successive  weighings  are  the  same,  it  is  ready  for  farther  operation.  The 
mass  will  require  breaking  up,  so  as  to  allow  imprisoned  vapors  to  escape. 

The  color  and  consistency  at  the  end  of  the  reaction  and  when  subsequently  dried 
should  be  noticed ;  it  is  now  ground  up  or  divided  as  much  as  xjossible.  The  product 
may  be  too  tough  to  break  easily,  or,  if  soft  and  sticky,  a  portion  of  the  uualtered 
oil  should  be  removed  first. 

It  is  transferred  to  a  filter  tube  and  washed  with  carbon  disulphide,  so  as  to  remove 
all  traces  of  unaltered  oil,  etc.,  which  is  received  in  a  tared  flask;  about  200cc  will 
suffice  in  any  case.  It  is  best  to  break  up  the  mass  after  a  partial  exhaustion,  espe- 
cially when  the  product  is  hard  and  tough  or  soft  and  adhesive. 

Oils,  fats,  resins,  rosin  oils,  petroleum,  etc.,  not  acted  on  by  sulphur  chloride  so  as  to 
yield  solid  products,  may  be  separated.  The  melting  point  of  a  fat  before  and  after 
separation  of  the  oil  is  an  interesting  and  useful  matter.  The  viscosity  of  a  mixture 
containing  an  ingredient  acted  on  by  sulphur  chloride  is  of  importance  in  examining 
lubricating  compounds.  Let  us,  however,  remember  that  some  resins  yield  insoluble 
compounds  with  sulphur  chloride. 

It  is  advisable  to  perform  the  experiments  in  duplicate,  so  as  to  obtain  a  check  on 
the  result;  the  difference  should  not  exceed  what  we  allow  on  an  ordinary  commercial 
analysis. 

The  washing  with  disulx^hide  is  carried  under  pressure ;  a  foot  blower  is  convenient, 
but  by  closing  the  toj)  of  the  filter  tube,  the  clasping  it  with  the  warm  hand  will  be 
sufficient.  The  exhaust  will  in  some  cases  give  a  further  yield  of  solid  products; 
in  these  cases,  if  a  larger  quantity  of  chloride  be  used  in  the  first  place,  a  harder  i^rod- 
uct  will  be  obtained.  This  is  not  to  be  recommended,  unless  for  special  purposes, 
because  uniformity  is  aimed  at  in  the  result,  and  it  is  not  desirable  to  alter  the  oils 
too  much. 

Tho  exhaust  is  weighed  after  removal  of  disulphide,  and  when  the  weighings  are 
constant  this  is  deducted  from  the  contents  of  the  dish,  by  which  we  obtain  the 
weight  of  insoluble  solid  products.     This  procedure  is  more  simple  and  reliable  tban^ 
weighing  the  insoluble  solid  product.     The  smell  and  color  of  the  exhaust  will  in 
many  cases  reveal  what  the  oil  itself  is,  in  spite  of  blending,  refining,  etc. 

The  color  and  tenacity  of  the  solid  product  is  so  very  characteristic  in  most  cases 
that  no  difficulty  will  be  felt  in  deciding  what  the  oil  or  mixture  is ;  thus  arachis 
oil  in  lard  or  olive  oil  can  be  instantly  detected  from  cottonseed  oil.  Arachis  oil  is 
largely  adulterated  with  cotton  oil,  and  I  have  no  doubt  that  in  many  cases  where 
cotton  is  supposed  to  be  present  as  an  adulterant  the  intention  of  a  manufacturer  has 
been  to  use  arachis  oil.     I  propose  to  examine  this  double  adulteration  shortly. 

Sulphur  chloride  is  sometimes  decomposed  when  added  to  an  oil;  the  deposited 
sulphur  is  removed  from  the  exhaust  by  washing  with  ether  saturated  with  sulphur. 
The  oily  portion  is  taken  up,  leaving  the  sulphur;  we  then  obtain  the  weight  of  the 
exhaust  minus  the  sulphur.  If  much  sulphur  is  present  the  exhaust  has  a  cloudy 
white  appearance.     This  indicates,  generally,  that  the  chloride  is  in  excess. 

*Chcm.  News,  March  23,  1888,  p.  113. 
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This  method  evidently  was  suggested  by  the  article  in  Watt's  old 
dictionary  (Linseed  oil),  in  which  the  action  of  sulphur  chloride  on  flax 
oil  is  described  (incorrectly,  as  Mr.  Warren  has  shown). 

The  method  was  tried  by  Dr.  0.  A.  Crampton  during  the  lard  inves- 
tigations on  a  few  of  the  samples  submitted,  viz  : 

5645.  Cotton  oil. 
5624.  Olive  oil. 
5620.  Peanut  oil. 
5556.  Fairbauk's  lard. 
5626.  Tallow  stearine. 
5591.  Squire's  lard. 
5672.  Hog's-head  lard. 

On  adding  the  re-agent,  mixing  thoroughly,  and  heating  on  the  water- 
bath  the  oils  became  perfectly  solid.  The  lards  did  not  become  solid 
and  the  stearine  was  not  affected  at  all. 

5591.  A  pure  standard  lard  was  scarcely  attacked  by  the  re-agent. 

5672.  Eendered  in  laboratory  from  the  head  fat  was  more  readily 
affected  by  the  re-agent. 

Mr.  Crampton  made  a  preliminary  examination  of  the  solid  products 
formed,  but  came  to  the  conclusion  that  they  contained  no  sulphur.  If  it 
be  true  that  only  oleine  is  attacked  by  the  chloride  of  sulphur  and  not 
palmitine  nor  stearine,  then  pure  lard  ought  to  give  a  partial  prodtict 
insoluble  in  ether  and  carbon  disulphide.  Yet  lard  so  treated  is  prac- 
tically soluble  in  the  re-agents  named.  The  vegetable  oils  appear  to  be 
easily  attacked  by  the  chloride  of  sulphur  and  the  action  of  the  re- 
agent does  not  seem  to  wholly  depend  on  the  amount  of  oleine  present. 

I  think  Mr.  Warren's  method  may  prove  of  great  value  qualitatively 
and  perhaps  quantitatively. 

QUANTITATIVE  DETERMINATION  OF  ADULTERANTS  IN  LARD. 

Many  attempts  have  been  made  to  determine  quantitatively  the 
amount  of  adulterants  in  lard.  These  attempts  have  not  been  attended 
with  much  success.     They  may  be  classified  as  follows  : 

(1)  By  weight  of  undissolved  residue  when  the  mixed  fat  is  treated 
with  ether. 

(2)  By  the  relative  intensity  of  color  produced  In'  sulphuric  acid  and 
other  re- agents. 

(3)  By  the  relative  quantities  of  silver  or  gold  reduced,  or  intensity  of 
coloration  in  Bechi's,  Milliau's,  and  Hirschsohn's  processes. 

(4)  By  calculation  from  specific  gravity. 

(5)  By  calculation  from  iodine  absorption. 

(6)  By  calculation  from  refractive  index. 

(7)  By  determination  of  the  insoluble  matter  produced  bj^  treatment 
with  chloride  of  sulphur. 

(8)  By  rise  of  temperature  with  sul[)huric  acid. 

(9)  By  calculation  from  melting  point. 
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(10)  B3'  the  coloration  produced  by  Leatiog  with  nitric  acid  and  al- 
bumen (Brulle'8  ruethod). 

In  the  i3eculiar  conditions  attending  the  analyses  of  mixed  lards  it  is 
unnecessary  to  say  that  the  most  misleading  results  may  be  obtained  by 
relying  on  any  one  of  the  above  methods,  and  even  ^Yhen  all  are  ai:>- 
plied  the  real  quantity  of  added  adulterants  may  not  be  determined. 

The  processes  indicated  in  Xos.  1,  2,  and  3  of  the  foregoing  classifica- 
tion may  be  dismissed  without  further  discussion.  They  are  entirely 
unreliable  for  any  quantitative  purpose. 

(4)   BY   CALCULATION  FEOM   SPECIFIC   GRAVITY. 

In  the  case  of  Xo.  I,  approximate  results  could  be  reached  were  only 
one  kind  of  adulterant  used,  the  specific  gravity  of  which,  as  in  the 
case  of  cotton  oil^  is  distinctly  different  from  that  of  lard. 

But  if  one  adulterant  be  used  like  an  oleo  or  lard  steariue  having 
a  lower  specific  gravity,  and  another  like  cotton  oil  with  a  high  one,  the 
neutralizing  effect  of  the  two  will  render  the  results  of  the  analysis  unre- 
liable. 

Cotton  oil,  however,  has  a  specific  gravity  considerably  higher  than 
that  of  a  stearine  is  below  the  number  for  pure  lard  j  hence  a  mixed  lard 
containing  equal  portions  of  cotton  oil  and  a  stearine  will  have  a  higher 
specific  gravity  than  pure  lard.  In  point  of  fact,  it  may  be  said  that 
vrhereone  of  these  adulterants  is  present  in  any  notable  quantity,  say 
15  to  30  per  cent.,  the  other  is  also  present  in  proportions  approximately 
known.  It  might  be  possible,  therefore,  to  construct  an  arbitrary  for- 
mula b}'  which  the  disturbing  effect  of  the  second  element  could  be  al- 
lowed for.  In  this  way  some  approximate  number  might  be  reached 
of  the  respective  amounts  of  adulterants  present. 

Example : 

Let  speciijc  gravity  of  pure  lard  at  35°  =  .905 

Let  specific  gravity  of  pare  stearine     at  35°  =  .903 
Let  specific  gravity  of  pure  cotton  oil  at  35°  =  .  913 

The  theoretical  specific  gravit\^  of  a  mixed  lard  composed  of  these 
bodies  in  the  proportions  stated  would  be  as  follows  : 

20  per  ceut.  stearine  =  .  903x20  =  18.  060 
30  per  cent,  cotton  oil  =  .  913x30  =  27.  390 
50  per  cent,  lard  =  .  905x50  =  45. 250 


100  per  ceut.  =  9U.  TOO 

Then  theoretical  specific  gravity  =  .  007. 

It  is  usual  to  mix  cotton  oil  and  stearine  in  compound  lards  in  the 
respective  proportions  mentioned  above,  viz,  1.5  parts  to  1.* 

*  Testimony  of  George  H.  Webster,  Report  of  Hearings  before  House  Committee 
on  Agriculture,  p.  26. 
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The  specific  gravity  of  the  mixture  is  tberefore- 
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Cotton  oil,  1.  5  parts  = 
Stearine,     L  0  part    = 

Mixture,      2.  5  parts  =z 
Tlieoretical  specific  gravity  =^  .  909. 


913XL  5  =  1.3695 
903x1.0=    .9030 


2. 2725 


The  following  table,  therefore,  will  give  the  approximate  percentage 
of  adulterations  corresponding  to  the  specific  gravities  noted  : 

Tal)le  showing  approximate  percentage  of  adulteration  corresponding  to  different  specific 
gravities  when  the  adulterants  are  cotton  oil  and  stearine  in  respective  proportions  ofl.b 
to  1. 


- 

Of  which  there  is— 

Observed  spe- 
cific gravity, 
at  35°. 

Pure  lard. 

Adulterant. 

1 

Cotton  oil. 

stearine. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

.9050 

100.  00 

0.00 

0.00 

0.00 

.9055 

87.50 

12.  .50 

7.50 

5.00 

.9060 

75.00 

25.00 

15.00 

10.00 

.9C65 

62.50 

37.50 

22.50 

15.00 

.9070 

50.00 

50.00 

30.00 

20.00 

.9075 

37.50 

62.50 

37.50 

25.00 

.9080 

25.00 

75.00 

45.00 

30.00 

.9085 

12.50 

87.50 

52.50 

35.00 

.9090 

0.00 

100.  00 

60.00 

40.00 

A  general  expression  for  the  calculations  above  when  applied  to  other 
standards  of  temperature  and  actual  results  obtained  may  be  easily 
devised.  The  general  formula  however  will  still  rest  on  the  assumption 
that  the  cotton  oil  and  stearine  are  mixed  in  the  proportions  noted,  and 
this  will  La  found  to  be  practically  the  case. 

Let  s=the  observed  specific  gravity  at  t^. 
«=specific  gravity  of  pure  lard  at  t^. 
&=:specific  gravity  of  pure  cotton  oil  at  ^  °. 
c=specific  gravity  of  pure  stearine  at  t^. 

.5  0  4-  c     _gpg(.jgLc  gravity  of  the  mixed  adulterants  at  IP. 


2.5 


ic=per  cent,  of  adulteration. 

—  a 


lM-\-c 


For  illustration  we  may  apply  tliis  formula  to  the  data  collected  in 
tables  which  follow.  Each  analyst  should  carefully  determine  for  him- 
self, in  a  gd-eat  nuuiberof  samples,  the  true  specific  gravities  of  various 
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substances  entering  into  tbe  mixture  at  tlie  temperature  used  by  him  as 
a  standard. 

Example. 

Meau  specific  oravity  of  pure  lard  at  35° 9053=a 

Mean  specific  gravity  of  cotton  oil  at  35° 9042=:& 

Mean  specific  gravity  of  stearine 9015=c 

Meau  specific  gravity  of  the  cotton  oil  and  stearine  adulterant  (calcu-  .  9091  — ——i^ 
lated).  '^-5 

The  mean  specific  gravity  s  of  Armour's  was  .906. 
Then 

_  100(»9Q6->9Qo3) 

^~       9091-.9053 
Whence 

ii?=18.42  per  cent. 

The  mean  specific  gravity  of  Fairbank's  lards  was  .9095.  This  shows 
a  theoretical  adulteration  of  over  100  per  cent.,  or  in  other  words  a  lard 
composed  wholly  of  steariues  and  cotton  oil,  in  which  the  oil  is  io  slightly 
greater  proportions  than  those  indicated  above.  The  iodine  number  oh- 
tained  shows  that  the  lard  approximates  such  a  composition. 

(5)     BY   CxVLCULATIOX   FKOM   IODINE   ABSORPTION, 

The  determination  of  the  percentage  of  iodine  absorbed  by  a  mixed 
lard  taken  alone  can  not  lead  to  any  just  idea  of  the  amount  of  adulter- 
ant added. 

In  the  case  of  specific  gravities  the  numbers  for  oleo-stearine  and  lard 
stearine  are  near  together,  viz,  for  35^  .900  and  .902,  respectively.  But 
for  iodine  numbers  the  difference  is  very  great.  In  the  three  samples 
of  oleo-stearine  examined  the  mean  iodine  number  is  20.73  per  cent.  In 
the  two  samples  of  lard  stearine  analyzed  it  is  47.02  i)er  cent.  The 
mean  number  for  cotton  oils  is  109.02  \)qv  cent.,  for  lard,  02.48  per  cent., 
and  for  prime  steam  lard,  62.86  per  cent.  In  a  mixture  we  may  find  all 
of  these  ingredients,  and  therefore  the  iodine  number  of  such  a  mixture 
may  approximate  that  of  a  pure  lard. 

When  the  iodine  number  of  a  supposed  adulterated  lard  goes  above 
65  per  cent,  there  are  grave  reasons  for  suspecting  an  adulteration  with 
cotton  oil,  but  a  pure  lard  made  from  certain  parts  of  the  hog  may  show 
even  a  higher  number. 

If  the  microscopic  examination  show  the  presence  of  oleo-stearine, 
and  cotton  oil  be  revealed  by  the  silver  or  gold  tests,  the  complexj^ty  of 
the  problem  is  less  confusing.  The  iodine  number  may  then  reveal  the 
ai^proximate  quantities  of  the  two  adulterants  present. 

For  example : 

1.5  parts  of  cotton  oil  at  109=163.5 
1.    partof  oleo-stearine  at  20=  20.0 

2.5  parts  =183.5 

1.    part  =  73.4  per  cent. 
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Now,  a  mixed  lard  wbose  iodine  equivalent  is  about  04  per  cent.  (Ar- 
mour's) can  not  be  made  of  any  considerable  quantity  of  the  above  mixt- 
ure and  pure  lard.     It  must  contain  a  notable  quantity  of  lard  steariue. 

For  exami^le : 

40  parts  of  cotton  oil  and  oleo-stearine  at  74  =  2960 
30  parts  of  lard  at  62  =  1860 

30  parts  of  lard  steariue  at  47  =  1410 

100  parts  =  6230 

The  theoretical  iodine  number  of  such  a  compound  lard  is  therefore 
62.30  per  cent.  The  above  hypothetical  example,  in  the  light  of  the 
analyses  made,  shows  approximately  the  composition  of  a  compound 
lard  whose  iodine  number  is  not  above  G3  per  cent. 

In  the  Fairbank  samples  the  mean  iodine  number  is  85.31  per  cent. 
The  microscope  revealed  also  the  presence  of  oleo-stearine  in  these 
samples.  They  were  presumably  composed  of  cotton  oil,  lard,  and  oleo- 
stearines,  and  perhaps  some  lard.  As  was  shown  by  the  specific  grav- 
ity they  contained  an  excess  of  cotton  oil.  These  mixtures  may  be  rep- 
resented by  the  following  proportions: 

10  parts  oleo-stearine  at  20  =  200 
25  parts  lard  stearine  at  47  =  1175 
65  parts  cotton  oil  at      109=7085 

100  parts  =8460 

Theoretical  iodine  number  =  84.60  per  cent. 

No  formulae  can  be  given  for  computing  the  proportions  of  ingre- 
dients from  the  quantity  of  iodine  absorbed,  except  in  the  tentative 
way  indicated  above,  but  the  value  of  the  iodine  number,  wlien  thus 
studied  with  other  quantitative  data,  is  sufficiently  illustrated. 

(G)  By  calculation  from  tJie  refractive  index.-^BouiG  valuable  infor- 
mation concerning  the  quantitative  composition  of  a  mixed  lard  may  be 
derived  from  a  study  of  the  refractive  index. 

The  mean  refractive  index  at  25^  of  the  samples  of  lard  examined  is 
1.4020;  water  at  the  same  temperature  showing  1.3300;  for  cotton  oil 
the  number  is  1.4074;  for  oleo stearine,  1.4582;  for  lard  stearine,  1.4594. 

The  determination  of  a  much  larger  number  of  samples  of  the  stear- 
ines  would  be  desirable  before  deciding  on  a  permanent  standard,  but 
the  above  numbers  will  sers^e  provisionally. 

I'ointa. 

Difference  between  lard  and  cotton  oil +54 

Difference  between  lard  and  oleo  stearine — 38 

Difference  between  lard  and  lard  stearine —24 

It  thus  appears  that  the  addition  of  cotton  oil  to  a  lard  would  raise 
its  refractive  index,  while  the  addition  of  the  stearines  would  lower  it. 
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In  general  it  appears  that  two  parts  of  stcarine  would  neutralize  the 
effect  of  one  part  of  cotton  oil.  A  mixture  of  1.5  parts  of  cotton  oil  and 
1  part  of  mixed  stearines  would  have  the  following  theroretical  index : 

1.5  parts  cotton  oil  at  1.4674=2.2011 
1  part  stearines  at  1.4588     =1.4588 


2.5  parts  =3.6599 

1  part  =1.4640 

For  a  lard  adulterated  with  the  above-mixed  adulterant  we  may  use 
the  following  formulae : 

Let  r=observed  index  at2oO 
a=index  at  25^  of  lard. 
&=index  at25o  of  cotton  oil. 
c=index  at  25^  of  stearine. 
1.56+c 


= index  at  25°  of  the  mixed  col  ton  oil  and  stearine. 
a 
Then 


2.5 

x=  per  cent,  of  adulteration. 


100  ^r—a) 

'■  1.5  b+c 

—a. 


2.5 

As  an  illustration  of  this  formula  take  the  mean  numbers  obtaiued 
in  the  tables  of  samples  for  lard,  cotton  oil,  stearines,  and  Armour's 
mixtures : 

Mean  index  of  Armour's  samples  r= 1.4634 
Mean  index  of  pure  lards  a=1.4620 

Mean  index  of  cotton  oils  6=1.4674 

Mean  index  of  stearines  c=1.4588 

Value  of  ^•^,t+^    =1.4640 
2.5 

Then  ^=.14-^.0020  =  70  per  cent. 

According  to  this  formula  Armour's  samples  would  have  only  30  per 
cent,  of  pure  lard,  a  result  which  is  contradicted  by  other  data.  I  am 
inclined  to  believe  that  the  examiuatiou  of  a  larger  number  of  samples 
of  stearine  may  show  a  higher  index  and  thus  bring  the  results  obtained 
by  the  apj^lication  of  the  above  formula  more  into  harmony  with  the 
other  data. 

The  index  for  the  Fairbank  samples,  1.4651,  shows  that  in  th«se  mixt- 
ures cotton  oil  has  been  used  in  greater  proportions  than  indicated 
above,  thus  corroborating  the  results  obtained  by  the  other  methods  of 
analysis.  Judged  by  the  index  of  refraction  alone,  on  the  assumption 
that  this  index  for  the  stearines  is  not  much  different  from  that  of  lard, 
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the  composition  of  a  mixed  lard  is  probably  as  truly  indicated  as  by 
ai)y  other  single  method. 

(7)  Bij  determination  of  product  formed  by  chloride  of  sulphur. — ^Varreu, 
in  the  articles  already  cited,  has  obtained  some  interestiur^  results,  and 
our  own  work  has  shown  that  much  may  be  expected  of  a  careful  study 
of  this  process.  Lack  of  time  has  prevented  a  full  iuvestigation  and 
this  will  be  made  subsequently. 

(8)  Rise  of  temperature  icith  sulphuric  acid. — Valuable  information  re- 
lating to  the  composition  of  a  mixed  lard  may  be  obtained  by  a  study  of 
rise  of  temperature  of  a  given  volume  thereof  when  mixed  with  a  definite 
quantity  of  strong  sulphuric  acid.  The  data  obtained  in  our  analj'ses 
are -as  follows: 

Rise  of  temperature  with —  Degrees. 

Lard 41.5 

Cotton  oil 85.  4 

Oleo  stearine 20.8 

Lard  steariue 37.-7 

Meau  rise  of  temperature  with  the  stearines 29.  o 

When  the  microscope  reveals  oleo  stearine  we  may  take  the  last  num- 
ber to  represent  the  mean  increment  of  temperature.  For  an  adulter- 
ant composed  of  1.5  parts  of  cotton  oil  and  1  part  of  stearine  the  mean 
rise  of  temperature  would  be  63o. 

The  apparent  composition  of  a  mixed  lard  on  the  above  character  of 
the  adulterant  would  be  illustrated  by  the  following  formula  :     , 

Let  ^=observed  rise  of  temperature  for  sample. 

a— rise  of  temperature  for  lard. 

Z>=rise  of  temperature  for  cotton  od. 

c=rise  of  temperature  for  stearine. 

1  5  b-\-c 
'     7^  =theoretical  rise  of  temi)erature  for  the  adulterant. 

^=])ercentage  of  adulteration. 
Then 

100  (^t-a) 
L5&  +  C 


2.5 


■a 


This  formtda  applied  to  the  meau  rise  of  temperature  observed  in 
Armour's  samples  gives  the  following  result: 

ip=23.3  per  cent. 

Applied  to  Fairbank's  samples  it  shows  an  adulteration  of  7G.3  per 
cent. 

9.  Calculatloro  from  the  melting  point. — The  melting  point  of  a  fat  is 
often  of  great  value  in  helping  to  a  correct  understanding  of  its  compo- 
sition, but  little  reliance  can  be  pli/jed  on  it  for  quantitative  purposes. 
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The  different  glycerides  whcji  mixc  d  do  not  have  a  melting  point  which 
corresponds  to  the  one  theoretically  calculated.  For  this  reason  equal 
mixtures  of  cotton  seed  oil  anel  lard,  instead  of  having  a  melting  point  of 
about  20^,  really  melt  only  at  a  much  higher  tem.perature.  While, 
therefore,  the  determination  of  the  melting  point  of  a  compound  lard 
should  not  be  omitted,  it  does  not  afford  a  basis  for  any  reliable  estima- 
tion of  a  quantitative  nature. 

10.  Seating  icith  nitric  acid  and  albumen. — The  coloration  produced 
by  heating  the  fat  or  oil  under  examination  with  nitric  acid  and  albu- 
men has  also  been  proposed  as  a  quantitative  test.  Although  I  have 
not  tried  this  method  quantitatively,  I  am  of  the  opinion  that  it  will  be 
found  of  no  greater  value  than  the  other  color  reactions  already  noted. 

The  Brulle  test  appears  to  be  unaffected  by  free  acid  or  rancidity,  in 
which  point  it  possesses  an  advantage  over  chloride  of  gold  and  in  some 
cases  over  nitrate  of  silver. 

SUM3IARY. 

From  the  methods  already  worked  out  as  applied  to  the  two  classes 
of  mixed  lards  examined  the  following  general  results  are  deducible, 
viz : 


Method  of  examination  by- 

Sample  from-         |    ^S^^,    \ 

1                              1 

Specific  o^raTit  V 

1 
Armour  ifc  Co ]8.42 

do j                 70.00 

Else  of  temperature 

do j                 23,30 

Fairbank  &  Co 100. 00 

Eefraciive  index 

do                                             100,  CO 

Else  of  temperature 

....  do 76.30 

The  mean  percentage  of  adulteration  for  the  Armour  samples  is  37. 
it  is  92.10. 


For  the  Fairbank  samples 


It  is  not  unusual  to  omit  the  percentage  of  laid  stearine  used  in 
accounts  given  by  manufacturers  of  the  extent  of  adulteration.  If  we 
allow  that  one-third  of  the  total  adulterant  is  lard  stearine  the  per- 
centages of  foreign  fats  in  the  Armour  and  Fairbank  lards  are  24.83 
and  61.40  respectively. 

In  the  foregoing  discussion  it  has  been  assumed  that  the  mean  proper- 
ties of  a  mixture  of  various  glycerides  are  proportional  to  the  quantities 
of  each  pr-esent.  In  the  case  of  the  melting  point,  we  know  that  this  is 
not  the  case,  and  the  consideration  of  the  melting  point  therefore  as  a 
factor  in  quantitative  determinations  has  been  omitted.  It  may  be  true 
that  other  properties  are  also  unequally  developed  in  a  mixture,  and 
this  would  add  still  another  complication  to  tlie  problem. 

In  the  present  state  of  our  knowledge  the  chemist  is  unable  to  express 
definitely  the  degree  of  adulteration  which  a  sample  of  lard  has  suffered. 
He  can  state  with  confidence  whether  or  not 


a  given  sample  is  adul 
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terated,  and  iu  the  coaiparison  of  two  widely  different  sets  of  samples — 
such  as  were  obtained  from  Armour  &  Co.  and  Fairbank  &  Co. — he 
may  safely  say  that  one  is  adulterated  to  a  greater  degree  than  the  other. 
Further  than  this  the  present  state  of  our  knowledge  will  not  permit 
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Thesamples  of  lards  and  lard  compounds,  whose  analyses  follow,  were 
furnished  by  different  persons,  each  sample  usually  accompanied  by  au 
affidavit  showing  where  it  was  bought,  name  of  sample,  etc.,  or  were 
purchased  in  open  market  by  agents  of  the  chemical  division  or  ren- 
dered in  the  laboratory. 

The  chissification  was  made  as  follows  : 

(1)  Lards  known  or  believed  to  be  pure  h^^g  grease. 

(2)  Prime  steam  lards  from  Chicago  Board  of  Trade. 

(3)  Lards  of  miscellaneous  origin,  both  pure  and  adulterated. 

(4)  Cotton  oils  from  different  localities. 

(5)  Crude  cotton  oils  and  foots.  * 

(6)  Oleo,  lard,  and  cotton-oil  steariues. 

(7)  Mixed  lards  from  Armour  &  Co.,  Chicago,  111. 

(8)  Mixed  lards  from  X.  K.  Fairbank  &  Co.,  Chicago,  111. 

(9)  Miscellaneous  oils. 

Each  sami)le  is  indicated  by  a  number,  and  with  each  table  is  a  list  of 
these  numbers,  with  a  full  description  of  the  name  of  the  sample,  and 
place  or  person  from  whom  obtained. 

In  the  foregoing  pages  the  analytical  data  obtained  have  been  rather 
fully  discussed,  and  only  such  explanatory  items  will  be  added  here  as 
may  help  to  elucitlate  the  tables.  The  amount  of  analytical  work  which 
has  been  done,  as  will  be  seen,  is  very  large.  While  absolute  accuracy 
has  not  been  obtained,  it  is  believed  the  data  in  general  may  be  accepted 
as  reliable. 

Such  an  amount  of  work  can  only  be  accomplished  by  the  united 
labors  of  several  participators,  and  this,  of  course,  magnifies  the  per- 
sonal error  to  a  certain  degree. 

SAMPLE    OF   AFFIDAVITS. 

Many  of  the  samples  were  accompanied  by  affidavits,  which  it  is  not 
necessary  to  reproduce  in  full.  Their  general  tenor  may  be  seen  i'vom 
the  four  following: 

5646. 

State  of  New  York, 

City  and  County  of  Xew  Yoj-Jc,  ss  : 
Carl  Dreler,  being  duly  sworn,  says:  That  he  is  a  manager  with  N.  K.  Fairbank  &. 
Co.,  of  Chicago ;  that  it  is  the  custom  of  the  said  firm  to  keep  a  stock  of  their  retiued 
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lard  ou  liand  at  thfir  mauufactory  in  Chicago  for  sale  to  tlie  domestic  aud  foreign 
trade  ;  that  the  accompauyiDg  package  of  refined  lard  in  the  original  can  marked 
''  H  "  was  taken  from  the  stock  of  the  said  firm  on  hand  at  the  said  manufactory,  and 
is  the  same  as  that  sold  regularly  by  the  said  firm  in  the  domestic  and  foreign  mar- 
kets as  refined  lard;  that  the  said  package  was  taken  at  random  from  the  said  stock 
without  special  selection,  and  that  all  of  said  stock  is  alike  as  to  composition  and 
quality  as  that  usually  and  regularly  sold  in  the  doniestic  and  foreign  markets  by  the 
said  fi  t;- 1  and  known  as  refined  lard ;  that  the  said  package  was  immediately  fastened 
up,  sealed,  and  marked  "H"  by  this  deponent,  and  that  no  ingredient  or  thing  has 
been  added  to  or  extracted  from  the  same  ;  and  deponent  further  says  that  the  said 
package  is  a  true,  genuine,  and  fair  sample  of  the  refined  lard  as  regularly  made  aud 
sold  by  the  said  firm,  and  that  it  was  not  specially  prepared  for  testing,  analysis,  or 
exhibition  purposes,  aud  that  it  is  in  every  sense  a  genuine  sample  of  refined  lard. 

Cakl  Dkeier. 

Sworn  to  before  mo  this  16th  day  of  February,  1888. 

Alfred  Juntztu, 
Kotartj  Public,  New  York  Counti/. 


[Affidavit  to  accompany  Jfos.  5550,  5551,  and  5552.] 

I,  Walter  L.  Hill,  on  oath  afSrui  aud  declare  that  I  purchased  on  the  seventh  day 
of  February,  A.  D.  1888,  in  the  city  of  Washington,  D.  C,  in  the  open  market,  the 
following  packages  of  pail  lard  and  paid  for  the  same  the  price  set  against  the  re- 
spective items  ;  that  the  names  of  the  parties  in  whose  places  of  business  the  same 
were  purchased  were  as  follows,  to  wit : 

One  (1)  three  (3)  pound  ]3ail  of  lard,  marked  "Jacob  Schaefer,  &  Co.,  Baltimore. 
Pare  natural  lard,  bought  of  Henry  W.  Kem  &  Co.,  No.  12  Centre  Market,  Washing- 
ton, D.  C,  price  thirty-five  (35)  cents." 

One  (1)  three  (3)  pound  pail  of  lard,  marked  "Chas.  G.  Kriel,  cream  leaf  lard, 
Baltimore,  price  thirty  (30)  cents  ; "  bought  of  Jas.  Schneider,  No.  529  Centre  Market, 
Washington,  D.  C. 

One  (I)  three  (3)  pound  pail  of  lard,  marked  "Armour  &  Co.,  pure  refined  family 
lard,  Chicago,"  bought  of  E.  C.  Ford  &  Sou,  No.  609  Centre  Market,  Washington, 
D.  C. ;  price  thirty-five  (35)  cents. 

And  I,  the  said  Hill,  further  on  oath  affirm  aud  declare,  that  1  likewise  purchased 
on  the  eighth  day  of  February,  A.  D.  1888,  in  the  said  city  of  Washington,  in  the 
open  market,  the  following  package  of  pail  lard  and  paid  for  the  same  the  price  set 
against  the  said  item,  and  that  the  name  of  the  party  in  whose  place  of  business  the 
same  was  x>urchased  is  as  follows,  to  wit : 

One  (1)  five  (5)  pound  pail  of  lard,  marked  "  G.  Cassard  &  Son,  best  refined  lard, 

Baltimore,"  with  a  star,  viz.,  <^C(  bought  of  Hume,  Cleary  &  Co.,  No.  807  Penn- 
sylvania avenue,  Washington,  D.  C.  ;  price  fifty-five  (55)  cents. 

That  I  took  said  samples  aud  delivered  them  to  Professor  S.  P.  Sharpless  in  the 
original  packages,  as  purchased,  and  that  the  same  were  not  in  way  tampered  with 
by  me. 

W.  L.  Hill. 

City  of  Washington, 

District  of  Columbia,  ss. 
Subscribed  aud  sworn  to  before  me  this  the  10th  day  of  February,  A.  D.  1888. 

Robert  R.  Shellabarger, 

Notarij  Publk,  D.  C. 
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[Affidavit  to  accompany  Xos.  5662-66.1 

I  hereby  certify  that  certain  samples  of  lard,  numbered  two  to  six  iuclusive,  and 
marked  "From  C.  H.  S.  Mixer,  Chicago,  2-8-88,"  were  prime  steam  lard,  and  of 
thC'  quality  known  as  standard  lard  by  the  Board  of  Trade  of  the  city  of  Chicago. 
Said  samples  were  from  five  different  lots  of  lard,  and  were  made  by  as  many  differ- 
ent packers,  and  the  samples  fairly  represented  the  different  lots  from  which  they 
were  taken.  The  said  five  samples  of  lard  were  drawn  on  the  eighteenth  day  of  Feb- 
ruary last,  and  were  on  the  same  day  shipped  per  express  and  wore  addressed  to 
"Prof.  Sharpless,  Riggs  House,  Washington,  D.  C." 

C.  H.  S.  MiXEii, 
Chief  Inspector  of  Frovisions,  Chicago  Board  of  Trade. 

Personally  appeared  C.  H.  S.  Mixer,  signer  of  the  foregoing  statement,  who  made 
solemn  oath  to  the  truth  of  tlie  same,  this  fifth  l*ay  of  March,  1888. 

R.    S.    WORTIIIXGTOX, 

Notary  Puhlic. 


[AffidavLt  to  accompany  No.  5610.  | 

State  of  Illinois, 

Coolc  County,  ss : 
Geo.  H.  Webster,  being  first  duly  sworn,  on  oath  deposes  and  says,  that  he  is  a 
member  of  the  firm  of  Armour  &  Co.^  doing  business  in  the  city  of  Chicago,  Cook 
Connty,  Illinois,  and  that  he  makes  this  affidavit  on  behalf  of  himself  and  his  co- 
partners in  said  firm ;  that  he  has  seen  and  knows  the  five  pound  tiu  of  lard  which  is 
herewith  submitted  to  Dr.  H.  W.  Wiley,  chemist  of  the  Deijartment  of  Agriculture 
of  the  United  States,  for  analysis,  and  that  the  same  was  manufactured  by  the  said 
firm  of  Armour  &  Co.,  in  accordance  with  their  regular  formula  for  the  nuiuufactnre 
of  refined  lard  for  foreign  trade. 

Geo.  II.  Webster. 

Sworn  and  subscribed  to  before  me  this  11th  day  of  February,  18:^8. 

Charles  F.  Laxgbox, 
Notary  Pnhlic  in  and  for  Coolc  Co.,  Ills. 
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NoTp]S  ox  Table  No.  17.* 

This  table  includes  the  analyses  of  nineteen  samples  of  lard,  which 
both  in  pedigree  and  properties  appear  to  be  pure  hog  grease,  taken 
from  those  parts  of  the  animal  usually  devoted  to  lard-making. 

Under  the  head  of  miscellaueous  lards,  there  are  other  sami)les  which 
appear  to  be  pure  lard,  but  the  evidence  was  not  in  all  cases  sufficiently 
conclusive  to  warrant  their  incorporation  in  this  table. 

Numljer  and  description  of  samples  in  Table  Xo.  17. 
Number. 

5550.  "  Pure  Natural  Lard,"  brand  of  Jacob  C.  Shafer  &  Co. ;  purchased  iu  Wasliiug- 
toD.     Affidavit  of  Walter  L.  Hill. 

5565.  "Best  Reiiued  Lard,"  brand  of  G.  Cassard  &  Son,  Baltimore,  Md. ;  purchased 

iu  Savannah,  Ga.     Affidavit  of  Isaac  G.  Haas. 

5566.  "Leaf  Lard,"  brand  of  Rohe  &  Bro.,  New  York;  purchased  in  Savannah,  Ga. 

Affidavit  of  Isaac  G.  Haas. 

5591.  "  Pure  Leaf  Lard,'*  brand  of  John  P.  Squire  <&  Co.,  Boston,  Mass. ;  from  manu- 

facturer. 

5592.  Same  as  above. 

5593.  Same  as  above. 

5600.  "  Pure  Unadulterated  La  rd,"  brand  of  F.  Whittaker  &  Sons,  Saint  Louis,  Mo. 

Affidavit  of  R.  A.  Hamilton. 

5601.  "  Pure  Unadulterated  Honest  Retined  Lard,"  brand  and  affidavit  same  as  above. 
5606.  "Best  Refined  Lard,"  brand  of  G.  Cassard  &  Sons;  piirchashed  in  Washington. 

Affidavit  of  Walter  L.  Hill. 
560-^.  "Pure  Country  Lard,"  rendered  b}"  L.  Entriken,  West  Chester,  Pa. 

5655,  "Pure  Leaf  Lard,"  from  Deerfoot  Farm  Company,   Boston,   Mass.     Affidavit 

of  Frank  W.  Bennett. 

5656.  "Choice  Leaf  Lard,"  brand  of  Charles  H.  North  &-  Co.,  Boston,  Mass.  ;  pur- 

chased of  manufacturer.     Affidavit  of  Frank  W.  Bennett. 

5656.  No  brand,  leaf  lard,  of  Niles  Brothers,  Boston,  Mass.     Affidavit  of  Frank  W. 

Bennett. 

5657.  "Pure  Leaf  Lard,"  brand  of  Sperry  &  Barnes,  New  Haven,  Conn. ;  purchased 

in  Boston,  Mass. 
567*2.  Lard  from  head  of  hog,  rendered  in  United  States  Department  of  Agriculture. 

5673.  Intestine  lard  rendered  in  laboratory. 

5674.  Leaf  lard,  rendered  in  United  States  Department  of  Agriculture. 
5676.  Lard  from  pigs'  feet,  from  David  Wesson,  Chicago,  111. 

5679.  "Pure  Natural  Lard,"  brand  of  Jacob  C.  Shafer  &  Co. ;  purchased  from  manu- 
facturer. 

In  specific  gravity  5655  resembles  lard  steariue.    Pigs'  feet  lard,  5676. 
should  be  considered  apart,  since  no  lard  of  commerce  is  ever  made  ex 
clusively  of  pigs'  feet.     It  represents  the  other  extreme  of  specific 
gravity. 

The  highest  melting  i^oint  is  shown  by  5593  and  the  lowest  by  5676. 

The  highest  color  with  acids  was  shown  by  oGoG  and  with  silver  ni- 
trate by  5673. 

Judged  by  density  alone,  5655  and  5676  would  have  pronounced  adul- 
terated, the  former  with  steariue,  the  latter  with  cotton  oil.  The  latter 
sample  would  also  be  looked  on  as  suspected  by  reason  of  its  high  re- 

*  In  serial  order  from  page  1"20,  part  first. 
17319— pt.  4 6 
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fractive  index.  Both  5G70  and  5G72  sliow  iodine  numbers  which  would 
lead  the  analyst  to  look  for  a  high  percentage  of  cotton  oil. 

Leaving  out  these  samples  made  from  special  partsof  the  animal,  the 
mean  iodine  number  for  the  other  samples  would  be  materially  reduced. 

It  appears  that  the  true  number  for  lards  of  commerce  would  be  about 
60. 

In  addition  to  its  low  {specific  gravity  No.  5G55  is  abnormal,  both  in 
the  slight  rise  of  temperature  it  gives  with  sulphuric  acid  and  its  low 
iodine  number.  In  all  three  properties,  viz,  specific  gravity,  rise  of 
temperature  with  sulphuric  acid,  and  iodine  number,  it  indicates  the 
presence  of  lard  stearine,  or  that  it  is  made  from  some  special  part  of 
the  fat. 

Prime  steam  lard.     Table  No.  18. 

5629.  Prime  steam  lard  purchased  in  Saint  Louis,  Mo.     Affidavit  of  R.  A.  Hamilton. 

5639.  Prime  lard,  steam-rendered,  from  D.  E.  Fox,  taken  by  Chicago  inspector.     Affi- 

davit of  Carl  Dreier. 

5640.  Prime  steam  lard  from  D.  E.  Fox,  taken  b}^  Chicago  inspector.     Affidavit  of 

Carl  Dreier. 
564L  Prime  steam  lard  from  D.  E.  Fox,  taken  by  Chicago  inspector.     Affidavit  of 

Carl  Dreier. 
564*2.  Prime  steam  lard  from  D.  E.  Fox,  taken  by  Chicago  inspector.     Affidavit  of 

Carl  Dreier. 
5650.  Prime  steam  lard  from  John  P.  Squire  &  Co.,  Boston,  Mass. 
566*2.  Prime  steam  lard  taken  by  Chicago  inspector.    Affidavit  of  C.  H.  S.  Mixer. 

5663.  Same  as  above. 

5664.  Same  as  above. 

5665.  Same  as  above. 
^666.  Same  as  above. 
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Notes  ox  Table  18. 

As  can  be  seen  by  the  description  of  the  samples,  Table  ^o.  18  con- 
tains analyses  of  fairly  good  specimens  of  the  prime  steam  lard  of  the 
Chicago  market. 

The  specific  gravities  of  the  samples  are  very  near  together,  differing 
in  any  case  at  most  only  .0014  from  the  mean. 

Tlie  variations  in  the  meltiag  point  are  more  marked,  and  in  TjTos.  5G63 
and  5G64  we  notice  results  which  are  quite  anomalous.  In  Ko.  5663 
the  melting  point  and  crystallizing  point  of  the  fat  acids  are  compara- 
ble with  the  mean  results,  Avhich  leads  to  the  suspicion  of  some  inad- 
vertent error  in  determining  the  melting  point  of  the  glycerides.  The 
mean  refractive  index  is  slightly  higher  than  that  for  lards  made  in 
other  ways.  The  iodine  number  is  also  higher  than  for  pure  lards  of 
different  origin,  especiallj^  with  the  exceptions  noted  in  table  Xo.  18. 

When  the  rise  of  temperature  with  sulphuric  acid,  however,  is  con- 
sidered, a  lower  number  is  obtained  than  in  Xo.  17.  The  numbers  for 
single  samples  show  a  close  agreement  with  the  exception  of  5629,  one 
of  the  two  samples  in  the  table  not  obtained  in  Chicago. 

As  a  general  observation  it  may  be  stated  that  the  steam  lards  of 
commerce  have  a  more  constant  composition  than  pure  lards  made  in 
otber  ways  and  from  more  restricted  portions  of  the  animal. 

Steam  lards  have  a  distinctively  strong  odor  which  distinguishes  them 
from  lards  rendered  in  open  kettles  at  low  temperatures  and  from  se- 
lected portions  of  the  fat. 

Cottonseed  oil. 
ISO. 

5553.  Cotton  oil,  from  F.  Whittaker  &  Sons,  Saint  Louis,  Mo. 

5554.  Yellow  cotton  oil,  from  NaiDliey  &  Co.,  Philadelpkia,  Pa. 

5555.  White  or  refined  cotton  oil,  same  source  as  above. 

5615.  Summer  yellow,  received  from  D.  E.  Fox, 

5616.  Summer  white,  received  from  D.  E.  Fox. 

5618.  From  Z.  D.  Oilman,  Washington,  D.  C,  marked  Olive  Oil  Sublime. 
5619.'  Cotton  oil,  same  source  as  above. 

56'^5.  Cotton  oil,  purchased  in  Boston,  Mass.    Affidavit  of  Walter  L.  Hill. 
5628.  Cotton  oil,  purchased  in  Saint  Louis,  Mo.     Affidavit  of  D.  H.  Kennett. 
5645.  Prime  cotton  oil,  from  N.  K.  Fairbank  &  Co.,  Chicago,  111.     Affidavit  of  Carl 
Dreier. 

5647.  Light  yellow  cotton  oil,  Maginnis  Oil  Works,  I^ew  Orleans,  La.     Affidavit  of 

Carson  Mudge. 

5648.  Light  yellow  cotton  oil,  purchased  from  Union  Oil  Company,  New  Orleans,  La. 

Affidavit  of  Carson  Mudge. 

5649.  Light  yellow  cotton  oil,  purchased  from  Delta  Oil  Works,  New  Orleans,  La. 

Affidavit  of  Carson  Mudge. 
5661.  Cotton  oil.  taken  from  car  by  C.  H.  S.  Mixer,  in  Chicago,  111.     Affidavit  of  C. 
H.  S.  Mixer. 

5683.  Summer  yellow  cotton  oil,  from  Southern  Cotton  Oil  Trust. 

5684.  Summer  white  cotton  oil.  Southern  Cotton  Oil  Trust. 

5685.  Winter  yellow  cotton  oil.  Southern  Cotton  Oil  Trust. 

5686.  Winter  white  cotton  oil,  Southern  Cotton  Oil  Trust. 
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486  FOODS  AND  FOOD  ADULTERANTS. 

Notes  ox  Table  No.  19. 

The  cotton  oils  examined  are  believed  to  represent  very  accurately 
tbe  oils  used  in  the  adulteration  of  lards.  The  samples  were  mostly 
taken  from  large  reservoirs  and  hence  better  represent  a  mean  value 
than  if  derived  from  small  quantities  of  the  material. 

The  specific  gravity  of  the  samples  is  remarkably  uniform,  the  great- 
est variation  from  the  mean  being  +.0011. 

The  high  melting  and  crystallizing  points  of  the  fat  acids  are  remark- 
able characteristics  when  the  low  temperature  at  which  cotton  oil  is  a 
solid  is  taken  into  consideration.  The  figures  show  how  independent 
these  acids  are  of  the  glyceride  in  many  of  their  physical  properties. 

The  high  refractive  index  of  cotton  oil  has  already  been  noted.  In 
]S'o.  56G1  this  index  is  far  above  the  mean,  while  in  ]S"o.  5619  it  falls 
considerably  below.  With  these  exceptions  there  is  a  fair  agreement 
among  the  indices  of  the  remaining  samples. 

The  great  rise  of  temperature  shown  by  cotton  oil  in  contact  with  sul- 
phuric acid  is  lully  illustrated  by  the  numbers  in  the  table.  These  d um- 
bers are  fairly  concordant.  The  greatest  dei)artures  from  the  mean  are 
-6.30  and  +3.50. 

By  the  silver  nitrate  test  the  original  samples  were  easily  recognized 
as  cotton  oil,  while  with  the  same  test  applied  to  the  free  acids,  the  re- 
sults, as  already  indicated,  were  not  so  decisive.  The  probable  reason 
for  this  has  already  been  mentioned. 

In  the  samples  marked  "jelly  "  in  all  the  tables  the  silver  test  would 
not  work  on  account  of  a  gelatinous  precipitate,  due  doubtless  to  the 
formation  of  a  salt  in  the  samples,  arising  from  the  union  of  an  organic 
acid  with  the  silver.  This  organic  acid  was  separated,  but  not  in  suffi- 
cient quantity  to  determine  its  properties.  The  high  iodine  number  is 
another  characteristic  to  be  noted.  iSTos.  5619  and  5615  show  the  great- 
est departures  from  the  mean. 

Siearines. 
No. 

5612.  Prime  oleo-stearine,  made  and  used  by  Armour  &  Co..  Chicago,  111.     Affidavit 

of  George  H.  Weljster. 

5613.  Prime  lard  stearine,  made  and  used  by  Armour  &  Co.,  Chicago,  111.     Affidavit 

of  George  H.  AYebster. 
5626.  Oleo-stearine  from  John  Rearden  &  Sons,  Boston,  Mass.     Affidavit  of  Walter  L. 
Hill. 

5630.  Yellow  cottonseed  oil  stearine,  brand  of  N.  K.  Fairbank  &.  Co.,  Chicago,  111., 

from  E.  Richards. 

5631.  Cotton-seed  stearine  obtained  by  Z.  D.  Oilman,  from  E.  Richards. 

5643.  Prime  lard  stearine,  from  N.  K.  Fairbank  &  Co.,  Chicago,  111.     Affidavit  of  Carl 

Dreier. 
5G44.  Oleo-stearine,  from  N.  K.   Fairbank  &  Co.,  Chicago,   HI.     Affidavit   of  Carl 

Dreier. 
.5652.  Dead-hog  stearine,  from  John  P.  Stinire,  Boston,  Mass. 
5675.  Sample  from  David  Wesson,  supposed  to  be  cottonseed  oil  stearine. 
5630.  Stearine  from  white  cottonseed  oil,  from  Southern  Cotton  Oil  Trust. 
5681.  Stearine  from  vellow  cottonseed  oil,  from  Southern  Cotton  Oil  Trust. 
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488  FOODS    AND    FOOD    ADULTERANTS. 

Notes  ox  Table  No.  20. 

The  uuiiiber  of  steariues  examined  isnot  large  enough  to  fix  a  standard 
of  comparison .  Those  of  interest  in  the  study  of  mixed  lard  are  the 
prime  lard  and  oleo-stearines.  The  cotton-oil  stearines  are  not  very 
extensively  used  in  lard  adulterations.  The  dead  hog-grease  stearines 
are  never  used  for  tliis  purpose. 

The  specific  gravity  of  the  oleo-stearines  is  slightly  below  that  of  the 
prime  lard  stearine  samples,  and  both  are  less  than  the  specific  gravity  of 
pure  lard.  The  melting  point  of  both  stearines  is  above  that  of  lard. 
In  the  column  containing  the  refractiv^e  indices  those  marked  with  an 
asterisk  are  of  samples  of  different  origin  from  the  remainder  of  the 
table,  but  they  are  believed  to  be  good  representative  samples.  The 
mean  index,  however,  should  be  determined  from  a  much  larger  number 
of  samples.*  It  will  doubtless  be  found  to  be  somewhat  lower  than  the 
index  of  pure  lards  taken  at  the  same  temperature. 

The  rise  of  temperature  on  mixing  with  sulphuric  acid  is  much  less  in 
the  case  of  the  stearines  than  with  ptire  lard,  showing  that  this  pheno- 
menon is  chiefly  characteristic  of  oleine.  The  stearines  of  cotton  oil, 
however,  show  an  increase  of  temperature  comparable  with  that  of 
the  original  oil,  and  lard  stearine  a  much  greater  increase  than  oleo. 

The  low  iodine  equivalent  of  oleo-stearine  has  already  been  noticed 
and  is  strikingly  shown  by  the  data  in  the  table.  The  cotton-oil  stearines 
show  a  marked  decrease  from  the  numbers  obtained  for  the  oil  itself. 

Jrmour's  larrfs. 
Xo. 

53.''v2.  Pure  refiued  family  lard,  Wasliingtou,  D.  C.     Affidavit  of  W.  L.  Hill. 
5557.  Kettle  refined  lard,  Mobile,  Ala.     Affidavit  of  F.  H.  McLarney, 
5559.  Pare  refiued  family  lard,  Macon,  Ga.     Affidavit  of  T.  Skelton  Jones. 

5561.  Choice  refiued  family  lard,  Macon,  Ga.     Affidavit  of  T.  Skelton  Jones. 

5562.  Choice  refined  family  lard,  Kansas  City,  Mo.     Affidavit  of  T.  Skelton  Jones. 
5564.  Pure  refined  family  lard,  Savannah,  Ga.     Affidavit  of  Isaac  G.  Haas. 

5572.  Choice  family  lard,  Saint  Louis,  Mo. 

5581.  Choice  family  lard,  Kansas  City,  Mo.     Affidavit  of  E.  K.  Converse. 

5584.  Pure  refined  family  lard,  New  Orleans,  La.     Affidavit  of  E.  K.  Converse. 

5595.  Pure  refined  family  lard,  Philadelphia,  Pa.     Affidavit  of  W.  L.  Hill. 

5610.  Pure  refiued  family  lard.    Affidavit  of  George  H.  Webster. 

5611.  Pure  refiued  family  lard.     Affidavit  of  George  H.  Webster. 

5653.  Superior  compound  lard,  Boston,  Mass.     Affidavit  of  Frank  W.  Bennett. 

*  The  analytical  data  show  that  oleine  has  a  higher  refractive  index  than  stearine 
or  palmitine. 
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Notes  on  Table  21. 

The  samples  analyzed  sliow  that  the  compound  lards  manufactured  by 
Armour  &  Co.,  of  Chicago,  have  nearly  a  uniform  constitution.  The  spe- 
cific gravities  of  the  various  samples  differ  only  slightly  from  the  mean. 
The  maximum  difference  is  in  ISTo.  5572,  viz,  —  .0015,  and  the  maximum 
+  difference  in  ^o.  5611,  viz,  .0008.  The  melting  x}oints  are  also  re 
markably  constant,  the  two  maximum  variations  of  a  positive  and  neg- 
ative sign  being  +  2.7°,  in  No.  5557  and  —  1.7°  in  I^os.  5504  and  5595. 
The  same  agreement  is  also  noticed  in  the  melting  and  crystallizing 
points  of  the  fat  acids.  The  refractive  index  in  most  cases  is  only 
slightly  above  tliat  of  pure  lard,  showing  only  a  small  addition  of  cot- 
tou  oil,  or  a  correction  of  the  index  thereof  by  a  corresponding  addition 
of  a  stearine  with  low  index. 

The  rise  of  temperature  with  sulphuric  acid  shows  only  notable 
variations  in  ^N'os.  5561  and  5584. 

In  the  latter  of  these  the  iodine  number  is  correspondingly  increased, 
but  not  so  in  the  former.  This  is  only  another  of  the  numerous  illus- 
trations of  the  analytical  perplexities  encountered  in  the  study  of  mixed 
glycerides. 

The  reactions  with  silver  nitrate  reveal  very  well,  in  almost  every 
instance,  the  presence  of  cotton  oil,  but  in  some  cases  the  phenomena  of 
reduction  of  silver  are  not  sufficiently  developed  to  distinguish  the 
samples  from  lard  containing  enough  of  impurity  other  than  cotton  oil  to 
give  a  color  with  silver  nitrate.  The  silver  test  applied  to  the  free 
acids  did  not  afford  satisfactory  results  ;  a  fact  which  has  already  been 
noted,  and  its  possible  explanation  given. 

In  the  iodine  numbers,  those  obtained  for  ISTos.  5552,  5584,  and  5595 
are  much  above  the  mean,  while  in  one  case,  No.  5572,  the  percentage 
of  iodine  absorbed,  viz,  of  54.11,  would  indicate  the  admixture  of  a 
larger  quantity  than  usual  of  oleo-stearine. 

FairlanVs  lard. 

No. 

555S.  Prime  refined  family  lard,  purchased  in  Mobile,  Ala.  Affidavit  of  F.  H.  Mc- 
Larney. 

5561.  Prime  refined  family  lard,  purchased  in  Macon,  Ga,  Affidavit  of  T.  Skelton 
Jones. 

5563.  Choice  refined  family  lard,  purchased  in  Savannah.  Ga.  Affidavit  of  Isaac  G. 
Haas. 

.'3567.  Prime  refined  family  lard,  purchased  in  Dallas,  Tex.  Affidavit  of  Thomas  F. 
McEnnis. 

5569.  Prime  refined  family  lard,  purchased  in  Saint  Louis,  Mo. 

.5573.  Prime  refined  family  lard,  purchased  in  Saint  Loais,  Mo.  ii 

5574.  Prime  refined  family  lard,  purchased  in  Atlanta,  Ga. 

5576.  Prime  refined  family  lard,  purcha^.ed  in  IS'ew  Orleans,  La.  Affidavit  of  E.  K, 
Converse. 

5586.  Prime  refined  leaf-lard,  purchased  in  Norfolk,  Va.  Affidavit  of  W.  B.  Pear- 
man. 
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5596.  Prime  refined  family  laid,  purchased  in  Philadelphia,  Pa.     Affidavit  of  W.  L. 

Hill. 
5634.  No  brand  ;  original  small  package  "  Y."     Affidavit  of  William  T.  \Yclls. 
563.5.  No  brand;  original  large  package  "  Z."     Affidavit  of  William  T.  Wells. 

5636.  "  X  "  prime  refined  family  lard,  purchased  iu  New  York.     Affidavit  of  William 

T.  Wells. 

5637.  "  XX  "  prime  refined  family  lard,  purchased  iu  New  York.    Affidavit  of  William 

T.  Wells. 

5638.  "S"Cuba  export  refined  lard,  purchased  iu  New  York.     Affidavit  of  William 

T.  Wells. 
5646.  Prime  refined  family  lard,  from  D.  E.  Fox.     Affidavit  of  Carl  Dreier. 
5654.  Compound  lard  purchased  in  Boston,  Ma§s.     Affidavit  of  Frank  W.  Bennett. 
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Notes  on  Table  No.  22. 

This  table  presents  the  results  of  an  interesting  study  of  compound 
lards  in  which  the  natural  hog  grease  is  reduced  to  a  minimum. 

Indeed  it  appears  from  the  general  results  in  some  of  the  samples 
that  they  may  not  have  any  lard  in  them  at  all,  but  lard  stearine  in- 
stead. The  high  specific  gravity,  low  melting  point,  high  refractive 
index,  great  rise  of  temperature  with  sulphuric  acid,  aud  high  iodine 
number,  all  point  to  samples  containing  a  maximum  quantity  of  cotton 
oil  or  cotton-oil  stearine. 

The  chief  variations  from  the  mean  of  the  specific  gravity  are  shown 
in  Nos.  5569  and  5635.  In  both  cases  the  iodine  numbers  conform  to 
the  indications  of  the  density. 

In  one  case  (Xo.  5573)  the  melting  point  is  very  low,  while  the  highest 
melting  i)oint  is  (563S)  a  compound  lard  made  for  the  Cuban  trade,  and 
having,  therefore,  presumably  a  large  content  of  oleo-stearine,  and  in 
which  we  might  expect  the  cotton  oil  to  be  present  as  a  stearine  also. 

The  refractive  indices  reveal  unmistakably  the  presence  of  a  body 
with  a  higher  index  than  pure  lard,  and  the  high  temperatures  reached 
with  sulphuric  acid  are  a  further  evidence  that  this  substance  is  cotton 
oil.  The  iodine  numbers  furnish  the  rest  of  the  evidence,  showing  the 
high  percentage  of  this  substance  present  in  the  mixture. 

The  results  shown  in  this  table  are  much  more  satisfactory^  than  those 
recorded  in  the  preceding  one.  It  is  quite  evident  that  some  samples 
of  Armour's  lards  might  pass  as  pure  hog  grease,  when  the  miscroscope 
fails  to  reveal  crystals  of  beef  fat,  while  none  of  the  Fairbank  samples 
could  be  thus  mistaken. 

Miscellaneous  Lards. 
No. 
.5551.   ''Cream  Leaf  Lard,"  brand  of  Charles  G.  Kriel;  purchased  iu  Wasliingtou,  D. 

C.  Afadavifc  of  Walter  L.  Hill. 
5556.  "Choice  Family  Lard,'^  brand  of  Kansas  City  Packing  Company,  Kansas  City, 

Mo. ;  purchased  in  Mobile,  Ala.    Affidavit  of  F.  H.  McLaruey. 
5560.  '•  Choice  Refined  Family  Lard,"  brand  of  Jacob  Dold  &  Co.,  Kansas  City,  Mo.; 

purchased  in  Macon,  Ga.     Affidavit  of  T.  Skelton  Jones. 
5568.   '^  Choice  Family  Lard,"  brand  of  Fowler  Brothers,  Chicago,  111. ;  purchased  in 

Saint  Louis,  Mo. 
5571.   ''Cream  Leaf  Lard,"  brand  of  Charles  G.  Kriel,  Baltimore,  Md.  ;  purchased  in 

Saint  Louis,  Mo. 
5575.  "Choice  Family  Lard,"  brand  of  Anglo- American  Provision  Company,  Omaha, 

Nebr.  ;  purchased  in  Atlanta,  Ga. 

5577.  "  Choice  Family  Lard,"  brand  of  George  Fowler,  Kansas  City,  Mo.  ;  purchased 

in  New  Orleans,  La.     Affidavit  of  E.  K.  Converse. 

5578.  "Choice  Refined  Family  Lard,"  brand  of  Allcutt  Packing  Company,  Kansas 

City,  Mo. ;  purchased  in  New  Orleans,  La.     Affidavit  of  E.  K.  Converse. 

5579.  "Choice  Family  Lard,"  brand  of  Kansas  City  Packing  Company,  Kansas  City, 

Mo.    Affidavit  of  E.  K.  Converse. 

5580.  "Pare  Refined  Family  Lard,"  Plankinton  Company  brand,  Milwaukee,  Wis.  5 

purchased  in  New  Orleans,  La.     Affidavit  of  E.  K.  Converse. 
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5585.   "  Anchor  Lard,"  brand  of  A.  H.  Worthmau  &  Co.,  Philadelpliia,  Pa.  ,•  purchased 
hi  Norfolk,  Ya,     Affidavit  of  0.  A.  Woodard  and  W.  B.  Pearman. 

5587.  "A  No.  I  Refined   Lard,"  brand  of  Swift  &  Co.,  Chicago,  HI.;  purchased  in 

Norfolk,  Va.     Affidavit  of  C.  A.  Woodard  and  W.  B.  Pearman. 

5588.  ''Pure  Refined  Lard,"  brand  of  Chicago  Packing  and  Provision  Company;  pur- 

chased in  Norfolk,  Va.     Affidavit  of  C.  A.  Woodard  and  W.  B.  Pearman. 

5589.  "Kettle-Rendered  Leaf  Lard,"  brand  of  Rohe  &  Bros.,  New  York  ;  purchased 

in  Norfolk,  Va.     Affidavit  of  C.  A.  Woodard  and  W.  B.  Pearman. 

5590.  ''Choice  Family  Lard,"  purchased  in  Boston. 

5594.  Brand:  ''Pure  Family  Lard,"  Halstead  &  Co.,  New  York.     Affidavit  of  W.  L. 
Hill. 

5597.  Brand:  "(Marca  Castellana)  Mantica  pura  Caila  Forsyth,"  New  York.     Affida- 

vit of  W.  L.  Hill. 

5598.  Brand  :  "  Choice  Refined   Family  Lard,"  Allcutt  Packing  Company,    Kansas 

City,  Mo.  ;  purchased  in  Dallas,  Tex.     Affidavit  of  Thomas  F.  McEnnis. 

5599.  "Choice  Family  Lard,"  brand  of  Charles  F.  Tietjen,  from  Naphy  &  Co.,  Phila- 

delphia. 
5602.  Adulterated   Refined  Lard,  purchased  in  Saint  Louis,  Mo.     Affidavit  of  R.  A. 

Hamilton. 
563"2.  Received  from  D.  E.  Fox,  from  Charles  F.  Tietjen,  for  Central  Lard  Company, 

New  Y^ork.     Affidavit  of  Charles  F.  Tietjen. 
5633.  "  Marked  B,  same  as  A,"  from  D.  E.  Fox. 
•5667.  Kettle-rendered,  backs  and  leaf  lard,  from  Plumb  &  Winter,  Bridgeport,  Conn. 

5668.  Kettle-rendered,  backs  and  leaf  lard,  from  F.  A.  Bartran  &,  Co.,  Bridgeport, 

Conn. 

5669,  Kettle-rendered,  intestinal  and  head  lard,  from  F.  A.  Bartran  &  Co.,  Bridgeport, 

Conn. 
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Notes  to  Tables  Xos.  23,  24,  and  25. 

lu  Table  23  are  iDcluded  all  tlie  lards  of  a  niiscellaueons  origin 
which  have  been  examined  by  ns,  and  which  could  not  be  properly 
classified  under  any  of  the  preceding  heads.  Of  these  quite  a  number 
deport  themselves  with  re-agents  as  pure  hog  grease,  while  others  are 
without  doubt  adulterated.  Of  those  which  appear  pure!  will  mention 
Nos.  5551,  56G7,  and  56G9. 

The  microscope  revealed  the  presence  of  beef  fat  in  most  of  tlie  other 
samples,  while  other  tests  confirmed  the  presence  of  adulterants. 

In  Table  24  are  collected  the  data  obtained  by  the  analyses  of  crude 
cotton  oils  and  foots  or  tank  settlings. 

I^Tos.  S603  and  5001  were  furnished  as  pure  cotton  oils,  but  the  analy- 
ses showed  that  they  were  heavil}^  adulterated.  These  are  the  only  in- 
stances in  w^hich  crude  or  refined  cotton  oils  were  found  to  be  adulter- 
ated.    The  nature  of  the  adulterant  was  not  determined. 

Table  is'o.  25  contains  the  analyses  of  miscellaneous  oils,  and  espe- 
cially of  dead-hog  grease. 

The  low  specific  gravity  of  the  lard  oil  (Xo.  5621)  appears  anomalous, 
since  it  should  be  higher  than  pure  lard.  Further  investigations  will 
determine  the  normal  density  of  lard  oil  at  any  given  temperature. 
Pea-nut  oil  (No.  5622)  haspractically  the  same  specific  gravity  as  cotton 
oil,-  while  olive  and  rape  seed  oils  have  densities  slightly  above  pure 
lard.  Dead-hog  lard  differs  from  the  pure  variety  chiefly  in  its  refract- 
ive index  and  the  quantity  of  free  acid  it  contains. 

Crude  cotton  oiJs  and  foots. 
No. 

5570.  Cottonseed  foots,  obtaiued  from  Heury  Sayers  &  Co.,  Saint  Louis,  Mo. 

55b2.  Crude  cotton  oil,  purchased  in  New  Orleans,  La. 

5583.  Cotton-oil  foots,  purchased  in  New  Orleans,  La. 

5603.  Summer  white  cotton  oil,  from  Francis  Whittaker  &  Soujs,  Saint  Louis,  Mo. 

Affidavit  of  R.  A.  Hamilton. 
5G04.  Yellow  cotton  oil ;  source  and  affidavit  as  above. 
5G05.  Crude  cotton  oil ;  source  and  affidavit  same  as  above. 
5G14.  Crude  cotton  oil  ,•    received  from  D.  E.  Fox. 
5t58Q.  Crude  cotton  oil ;  from  Southern  Cotton  Oil  Trust. 
5G87.  Crude  cotton  oil,  from  Brinkley,  Ark.,  obtained  from  David  Wesson,  Chicago, 

111. 
5G83.  Crude  cotton  oil,  from  Jackson,  Teiiu.;  obtained  from  David  Wesson,  Chicago, 

111. 

1731 0-pt.  1 7 
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Miscellaneous  oils. 
Xo. 

5617.  Marked  ''Olive  Oil  Sublime,"  from  Z.  D.  Giluiau,  Wasliingtou,  D.  C. 
56*20.  Itape-seed  oil,  from  Z.  D.  Gilniau. 

5621.  Lard  oil,  from  Z.  D.  Gilmau. 

5622.  Pea-uiit  oil,  from  Z.  D.  Gilruan. 

5623.  Labeled  "Hughes's  Extra  Superaue  Italian  Lucca  Olive  Oil :  purchased  from  Al- 

fred E,  Hughes,  Boston,  Mass.     Affidavit  of  Walter  L.  Hill. 
5324.  Olive  oil,  purchased  from  \Vm.  Underwood  &  Co.,  Boston,  Mass.     Affidavit   of 

Walter  L.  Hill. 
5527.  Olive  oil  from  Alden  Speare's  Sons  &  Co.,  Boston,  Mass.     Affidavit  of  Walter  L. 

Hill. 
5651.  "  Dead-hog  grease,"  from  John  P.  Squire  &.  Co.,  Boston,  Mass. 
565'J.  "  Dead-hog  grease,"  from  East  Saint  Louis  Rendering  Company,  East  Saint 

Louis,  111.     Affidavit  of  R.  A.  Hamilton. 
5660.  Dead-hog  grease,  with  10  per  cent,  of  olco-steariue  added,  from  East  Saint  Louis 

Rendering  Company,  East  Saint  Louis,  III.     Affidavit  of  R.  A.  Hamilton. 

5670.  Dead-hog  grease  from  East  Saint  Louis. 

5671.  Dead-animal  grease  from  East  Saint  Louis. 

5689.  Prime  lard  oil  from  David  Wesson,  Fairhank  &  Co.,  Chicago,  III. 
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ABSTRACTS    OF    METHODS    USED    IN    LARD    ANALYSIS,    WITH    RESULTS 
THEREOF,  RECENTLY  USED  BY  ANALYSTS. 

Dr.  Sliippeu  Wallace*  has  made  a  study  of  the  adulteratiou  of  lard. 
His  conclusions  are  as  follows : 

lu  all  sami)les  of  suspected  lard,  if  one  will  follow  the  method  here  given,  he  can 
not  fail  to  meet  with  correct  and  proper  results. 

(1)  Hiibl's  method,  which  will  indicate  either  adulteration  with  tallow  alone  or 
cotton-seed  oil  alone,  or  indicate  pure  lard. 

(2)  Use  Bechi's  test,  as  described,  which  will  prove  the  presence  or  absence  o<f  cot 
tonseed  oil. 

(3)  Use  the  sulphuric-acid  test  as  a  further  conlirmation. 

By  these  last  two,  if  HiibTs  method  should  yield  a  figure  wJiich  would  classify  the 
suspected  lard  as  pure,  one  can  readily  confirm  or  disprove  it,  while  if  Hiibrs  should 
indicate  cottonseed  oil,  they  would  make  the  proof  complete.  Lard  stearine  yields 
figures,  by  Hiibl's  method,  within  the  range  of  pure  lard,  and  while  some  manufact- 
urers make  use  of  this  article  in  the  manufacture  of  summer  lard,  yet  it  is  not  an 
adulteration  in  the  same  sense  that  cottonseed  oil  and  tallow  are.  I  have  not  men- 
tioned other  claimed  adulterants  of  lard,  as  they  are  easy  of  detection;  water  we 
sometimes  find,  one  sample  I  examined  containing  11.80  per  cent.  When  this  is  found 
it  is  either  caused  by  carelessness  in  the  manufacture,  or  is  intentional,  as  it  can 
readily  be  guarded  against. 

The  percentages  of  iodine  absorbed  by  sixteen  samples  of  pure  and 
adulterated  lard  as  found  by  Dr.  Wallace  are  given  in  the  following 
table : 


Xo. 

Pure. 

Adulter- 
ated. 

1 
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NITRATE    OF    SILVER   REACTION   AVITH   COTTON   OIL. 

Biziof  criticises  the  report  of  the  Italian  commission  which  recom- 
mended Bechi's  test  for  detecting  cotton  oil. 

According  to  Bizio  pure  olive  oil  sometimes  produces  reduction  of 
silver  even  when  the  re- agent  is  slightly  acidified  with  nitric  acid.  On 
the  other  hand,  some  samples  of  cotton  oil  fail  to  produce  the  reduction. 
Bizio  did  not  take  the  same  care  to  identify  his  samples  that  was  used 
by  the  commission,  and  his  criticism  will  not  impair  the  value  of  the 
large  experience  which  has  shown  the  practical  reliability  of  the  silver 
test  in  the  detection  of  cotton  oil. 

""  Report  of  the  Dairy  Commissioner  of  the  State  of  New  Jersey  for  1887,  p.  16  etseq. 
tChem.  Central- Blatt,  June  23,  1888,  p.  873. 
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CHLORIDE  OF  aOLD  AS  A  TEST  FOR  COTTOX  OIL. 

Hirscbsohii*  Las  recommeuded  tUe  use  of  aurouE  chloride  for  tlie  de- 
tection of  cotton  oil.     Tiie  reagent  is  used  as  follows : 

Dissolve  one  gram  of  gold  chloride  in  200cc  of  chloroform.  To  3  to 
5cc  of  the  oil  add  G  to  10  drops  of  the  reagent  and  heat  for  tweuty 
minutes.     Cotton  oil  will  give  a  beautiful  red  color. 

David  Wesson  f  finds  that  free  fatty  acids  interfere  with  the  delicacy 
of  the  reaction,  and  also  rancid  lard. 

Free  acids  and  rancid  lard,  on  the  other  hand,  do  not  affect  the  proc- 
ess of  Br  Lille. 

Moerk  t  has  also  reported  results  of  this  test. 

I  have  tried  the  reaction  of  Hirschsohn,  and  found  the  purple  color 
produced  quite  characteristic ;  but  even  pure  lards  give  a  trace  of  color, 
whfich  must  not  be  confounded  with  the  deep  coloration  produced  by 
cotton  oil. 

ERULLE'S   METHOD    OF    DETECTING   ADFLTERATIOXS    IN   OLIVE   OIL.  § 

The  United  States  consul  (Mr.  Mason)  at  Marseilles  writes  as  follows: 
Southern  France  has  of  late  years  suffered  seriously  from  the  adul- 
teration, or  rather  the  artificial  fabrication,  of  her  two  principal  agri- 
cultural products,  wine  and  olive  oil.  During  the  recent  season  of 
scanty  vintages  there  has  grown  up  in  this  district  an  immense  manu- 
facture of  ''piquettes"  or  raisin  wines,  which  are  made  by  soaking  in 
water,  until  fermentation  takes  place,  the  cheap  dried  grapes  which  are 
imported  in  such  quanti:^ies  from  the  Grecian  Archipelago  and  Turkey. 
These  substitutes  have  so  far  replaced  the  real  but  more  costly  French 
wines  that  now — since  the  replanted  vineyards  begin  to  yield  more 
abundantly — the  genuine  ordinary  wines  command  only  prices  which 
hardly  repay  the  cost  of  culture.  The  consumption  of  vinous  beverages 
among  the  laboring  classes  has  not  diminished,  but  the  cheaper  substi- 
tute has  crowded  out  the  real  article,  and  in  behalf  of  the  agricnltural 
class  it  is  proposed  to  remedy  this  unnatural  difficulty  by  putting  a 
heavy  import  duty  upon  dried  grapes  from  the  Levant. 

With  olive  oil  the  case  is  similar,  but  even  worse.  Only  a  small  por- 
tion of  France  is  adapted  to  olive  culture,  the  entire  available  district 
being  a  strip  of  dry  country  less  than  20  miles  wide  along  the  Mediter- 
ranean coast.  The  tree  is  of  slow  growth,  and  is,  moreover,  beset  by 
numerous  insects  and  diseases,  which,  in  addition  to  unfavorable  phases 
of  weather,  render  the  yearly  olive  crop  more  or  less  uncertain.  Any 
serious  reduction  in  the  annual  consumption  of  olive  oil  is  sufficient  to 

*PliarmaceutisLe  Zeitsclirift  fur  Russland,  1888.  p,  7*21,  and  American  Journal  of 
Pharmacy,  January,  1889,  p.  23. 
t  Letter  February  16,  188'.). 

t  American  .Journal  of  Pharmacy,  February,  1889,  p.  05. 
v^  The  Grocer  and  Oil  Trade  Review,  February  2,  1889. 
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reduce  its  market  value  below  the  poiut  of  profitable  culture.  This 
has  been  doue  by  the  now  nearly  universal  practice  of  adulterating  or 
diluting  the  olive  oils  office  and  Provence  with  various  seed  oils,  viz, 
sesame,  peanut,  poppy-seed,  camomile,  and  especially  cottonseed,  which 
last,  by  reason  of  its  cheapness,  palatable  flavor,  and  difficulty  of  de- 
tection, has  of  recent  years  nearly  supplanted  all  the  others  as  an 
adulterating  material.  The  rank,  low-priced  olive  oils  from  southern 
Italy  (Bari),  Algeria,  and  Tunis  have  been  brought  here  in  vast  quan- 
tities, diluted  with  cotton  or  sesame,  and  been  consumed  and  exported 
wholesale  in  place  of  the  fine,  delicate,  high-grade  oils  of  the  Var  and 
Bouches-du-Rlione,  which  have  thus  been  nearly  elbowed  out  of  the 
market.  This  has  so  reduced  the  value  of  olive  oil  in  southern  France 
that  the  Government  has  set  itself  seriously  to  the  task  of  providing 
a  remedy.  The  first  step  was  to  discover  some  method  of  detecting 
such  adulterations  which  should  be  not  only  exact  in  its  results  but 
sufficiently  simple  to  be  practicable  for  farmers,  dealers,  and  ordinary 
consumers.  It  was  stated  in  a  report  which  was  made  from  this  con- 
sulate in  Febriiary,  1888,  that  no  such  process  was  then  known.  As 
late  as  May  17  last  a  meeting  of  the  Scientific  and  Industrial  Society  of 
Marseilles  was  addressed  by  ]\Ir.  Ernest  Millian,  an  accomplished  ana- 
lytical chemist,  who  reviewed  elaborately  all  of  the  known  processes 
and  admitted  that  none  of  them  were  sufficiently  delicate  and  exact  to 
detect  an  adulteration  of  less  than  10  per  cent.  The  "  Cailletet"  proc- 
ess, which  consists  in  treatin^the  oil  with  a  mixture  of  sulphuric  and 
nitric  acids,  had  been  hitherto  generally  employed,  but  this  was  de- 
clared by  Mr.  Millian  untrustworthy  unless  the  degree  of  adulteration 
exceeded  20  per  cent. 

The  "Bechi"  process,  now  used  by  the  Italian  Government,  will  de- 
tect an  admixture  of  15  per  cent,  of  cottonseed  oil,  provided  the  sample 
analyzed  contains  no  glycerine,  formic  acid,  or  free  fatty  acids,  any 
one  of  which,  even  in  minute  quantity,  is  sufficient  to  mask  the  chemi- 
cal reaction  upon  which  the  process  of  Signor  Bechi  depends.  Mr. 
Millian  then  described  a  new  method,  invented  by  himself,  which  con- 
sists in  treating  with  heat  the  saponified  products  of  the  oil  in  alcoholic 
solution  with  nitrate  of  silver.  This,  however,  is  a  jirocess  for  the 
laboratory  of  the  accomplished  chemist,  and  is  not  adapted  to  general 
use.  The  same  is  true  of  the  "  Levallois  "  process,  which  has  been  used 
by  experts  in  cases  of  real  importance  with  more  or  less  questionable 
results,  the  analysis  in  one  notable  instance  having  given  the  same  re- 
sult from  a  sample  of  pure  olive  oil,  and  another  which  was  known  to 
contain  20  per  cent,  of  cotton-seed. 

Finally,  as  it  would  seem,  the  long  sought  for  process  has  been  dis- 
covered by  Mr.  BruUe,  chemist  of  the  Agronomic  Station  at  Nice.  His 
discovery  was  announced  to  the  Academy  of  Sciences  in  April  last,  and 
has  been  since  subjected  to  an  elaborate  series  of  tests  and  experi- 
ments by  a  commission  specially  appointed  for  the  purpose  by  the  Ag- 
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licultural  Society  of  the  Alpes  Maritimes.  Mr.  Brulle  began  upon  tlie 
known  principle  that  vegetable  oils,  wlien  oxidized  by  the  application 
of  certain  acids,  assume  different  shades  of  color.  He  then  hit  upon 
the  use  of  albumen  to  fix  and  accen-tuate  these  delicate  gradations  of 
tint.  The  report  of  the  commission  has  recently  been  published,  and 
gives  the  process  of  Mr.  Brulle  such  complete  and  unqualified  indorse- 
ment, both  for  its  simplicity  and  the  exactness  of  its  results,  that  the 
subject  assumes  a  practical  importance  not  only  to  the  countries  which 
produce  olive  oils,  but  to  those  which,  like  our  own,  import  them  as 
costly  luxuries  for  general  consumption.  In  its  series  of  experiments 
at  Nice  the  commission  first  applied  the  process  of  Mr.  Brulle  to  six 
classes  of  samples,  viz,  first,  to  pure  olive  oil,  then  to  the  same  oil  with 
an  added  admixture  of  5, 10,  20,  and  50  per  cent.,  respectively,  of  cotton- 
seed oil,  and  finally  to  the  i:>ure  cottonseed  oil  itself.  When  the  result 
had  been  established^,  by  repeated  experimeuts  with  each  grade  of  sam- 
ples a  facsimile  of  the  tint  produced  by  each  successive  degree  of  adul- 
teration was  prepared  by  dissolving  certain  pigments  in  stated  quanti- 
ties of  water.  Thus  the  process  and  a  standard  system  of  x)roofs  were 
l)ut  within  reach  of  any  x>erson  having  a  good  eye  for  color  and  a  slight 
familiarity  with  chemical  manipulations. 

THE   NEW  PROCESS. 

The  process  of  Mr.  Brulle  is  as  follows  :  Put  into  a  test-tube  1 J  grains* 
of  pure  albumen  (this  should  be  gently  heated  in  the  flame  of  an  alcohol 
lamp  to  expel  any  remaining  moisture  in  tliB  albumen  which  might 
otherwise  modify  the  exactness  of  the  result),  then  add  3  cubic  centi- 
meters of  nitric  acid  and  10  cubic  centimeters  of  the  oil  to  be  tested  (the 
quantity  of  each  ingredient  used  is,  of  course,  immaterial,  provided  the 
above  relative  proportions  are  maintained ;  a  test-tube  graduated  me- 
trically is  the  most  convenient  for  the  purpose) ',  the  mouth  of  the  tube 
is  then  closed  with  a  cork  to  prevent  the  boiling  over  of  the  liquid  dur- 
ing ebullition,  but  pierced  with  a  small  orifice  to  permit  the  escape  of 
vapor,  which  would  otherwise  explode  the  tube.  The  materials  are 
mixed  by  shaking,  but  the  nitric  acid  quickly  settles  to  the  bottom. 
Now  warm  gently  in  the  lamp  the  part  of  the  tube  containing  the  oil, 
then  apply  the  flame  to  the  underlying  stratum  of  acid.  A  fierce  ebul. 
lition  soon  ensues,  and  when  this  is  at  its  height  plunge  the  tube  into 
ice  water  sufficiently  cold  to  chill  the  contents  to  4°  0,  or  its  equiva- 
lent 40°  F.  Daring  the  cooling  process  there  is  developed  an  oleagin- 
ous precipitate,  ranging  in  color  from  pale  yellow  to  reddish  brown, 
according  to  the  proportion  of  cotton  oil  contained  in  the  tested  sample. 
The  experiment  requires  only  the  simple  apparatus  above  mentioned, 
and  occupies  only  four  or  five  minutes. 

The  findings  of  the  commission  at  Nice  are  tabulated  in  its  official 

*  50  in":. 
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report  as  folIo^Ys,  the  standard  tint  iu  each  grade  being"  produced  by 
dissolving  the  stated  number  of  units  of  each  pigment  named  in  100 
units  of  water.  For  this  purpose  ordinary  dry-cake  water  colors  are 
most  convenient: 

(1)  Pure  olive  oil  yields  a  precipitate  tinged  like  5  nnits  of  ]Srai)les 
yellow  dissolved  in  100  nnits  of  water. 

(2)  Olive  oil  containing  5  per  cent,  of  cotton  oil  yields  the  tint  of  5 
units  'N'aples  yellow  and  5  nnits  of  dark  chrome  yellow  in  100  nnits  of 
water. 

(3)  Olive  oil  containing  10  per  cent,  cotton  seed  yields  a  tint  equal  to 
20  units  Naples  yellow,  G^  units  chrome  yellow,  and  1  unit  Chinese  ver- 
milion in  100  units  of  water. 

(4)  Olive  oil  containing  20  per  cent,  cotton  seed  yields  a  tint  equal  to 
Gi  units  Naples  yellow,  G  units  chrome  yellow,  and  1^  units  Chinese 
vermilion  similarly  dissolved. 

(5)  Olive  oil  with  50  per  cent,  cotton  oil  yields  a  tint  equal  to  5  units 
Naples  yellow,  5  units  chrome  yellow,  and  5  units  of  vermilion. 

(G)  Pure  cotton  oil  yields  a  precipitate  having  the  color  of  3i  units 
chrome  yellow,  10  units  of  vermilion,  1  unit  of  burnt  sienna,  and  1  of 
natural  sepia  in  100  units  of  water. 

Other  seed  oils,  including  sesame,  camomile,  peanut,  and  poi)X)y  seed, 
give  a  precisely  similar  series  of  tints  in  proportion  to  the  degree  of  their 
admixture  with  olive  oil,  except  that  the  colors  are  more  inclined  to  the 
reddish  shade  which  would  be  produced  by  covering  the  corresponding 
cotton-seed  tint  with  a  thin  wash  of  carmine.  These  gradations  of  color 
are  most  marked  when  the  liquid  in  the  tube  is  at  about  the  stated 
temperature,  40^  F.  As  the  precipitate  is  further  chilled  to  the  freezing- 
point  the  colors  fade  and  lose  their  individuality.  Such  is  the  system 
which  is  now  expected  will  enable  purchasers  and  consumers  of  olive 
oil  in  this  country  to  detect  the  adulterations,  which  have  become  so 
general  that  very  few  brands  or  firm  names  are  any  longer  a  guaranty 
of  purity.  When  it  is  remembered  that  more  than  2,000,000  gallons 
of  cotton-seed  oil  are  exported  from  the  United  States  to  Marseilles 
in  a  single  year,  and  that  more  than  half  of  this  vast  quantity  is  used 
for  adulterating  oliv^e  oils,  a  large  part  of  which  are  re-imported  to  the 
United  States  through  a  30  per  cent,  duty,  the  importance  of  some  new 
and  better  means  of  controlling  the  integrity  of  this  trade  will  be  appa- 
rent. Some  time  ago  1,000  tierces  of  American  lard  were  stopped  at 
the  wharf  in  Marseilles,  and  the  consignees  subjected  to  a  costly  pro- 
cess, which  is  not  yet  terminated,  because  the  lard  was  found  upon 
analysis  by  the  customs  officers  to  contain  10  per  cent,  of  cottonseed 
oil.  This  seizure  was  based  upon  the  fact  that,  while  lard  is  entitled 
to  entry  duty  free,  cottonseed  oil  bears  a  duty  of  G  francs  per  100  kilo, 
grams,  and  this  adulteration  of  a  free  article  with  a  dutiable  one  is  held 
to  be  fraudulent.  The  least  that  can  happen  to  the  shippers  in  this  case 
will  be  that  they  must  pay  the  duty  on  100  tierces  of  cottonseed  oil  and 
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the  expenses  of  the  process,  besides  the  loss  which  the  cousigoee  suffers 
from  the  delay.  Might  not  this  rigid  scrutiny  be  equally  well  applied 
to  some  of  the  adulterated  and  falsified  foreign  products  which  are 
landed  at  American  ports? 

It  is  not  within  the  scope  of  this  report  to  consider  whether  either 
lard  or  olive  oil,  when  adulterated  with  cottonseed,  is  necessarily  un- 
wholesome. The  vital  fact  is  that  in  paying  from  40  to  50  cents  per 
kilogram  and  30  i^er  cent,  duty  on  American  cottonseed  as  olive  oil,  the 
people  of  the  United  States  are  submitting  to  a  wholesale  fraud,  the 
proportions  of  which  are  increasing  year  by  year. 

The  interest  of  both  the  United  States  and  France  will  be  subserved 
when  the  reckless  tampering  with  the  integrity  of  commerce  is  sys- 
tematically suppressed.  As  long  as  our  people  will  accept  and  pay  for 
adulterated  oils  they  will  continue  to  flood  and  dominate  the  market. 
The  remedy  must  be  applied  at  our  ports  of  entry. 

Mr.  David  Wesson*  makes  the  following  comments  in  regard  to 
Brulle's  and  other  methods  of  testing  for  cotton  seed  oil : 

"  We  have  w^orked  some  with  the  chloride  of  gold  test  and  find  it  will 
give  a  reduction  with  cottonseed  oil,  free  fatty  acids,  and  old  rancid 
lard.  It  gives  no  reduction  with  pure  fresh  lard  containing  less  than  1 
per  cent,  of  free  acid. 

''We  find  the  Brulle  test  is  unaffected  by  free  acid  or  rancidity.  We 
have  tried  the  Bechi  test  on  some  highly  oxydized  cotton  oil  and  find 
it  gives  no  reduction  whatever;  while  witli  lard  oil  made  from  old  lard 
considerable  reduction  can  be  obtained." 

COCOA-NUT   OIL   AS   AN   ADULTERANT  OF  LARD. 

It  is  probable  that  in  this  country  lard  is  never  adulterated  with  co- 
coa-nut oil  for  commercial  purposes.  Allenf  speaks  of  the  use  of  cocoa- 
nut  oil  as  an  adulterant  of  lard.  In  ''  The  Analyst,"  October,  18SS, 
page  89,  he  says  he  is  unable  to  trace  the  authority  on  which  the  state- 
ment was  made.  He  has,  however,  in  his  own  experience  found  one 
sample  of  lard  w-hich  was  adulterated  with  cocoa-nut  oil.  This  lard 
gave  the  following  numbers  on  analysis : 

Specific  gravity  at  99° 8666 

Iodine  absorption,  per  cent 37.  4 

Saponification  equivalent 265.2 

N 

,-j-  alkali  for  the  distillate  from  2}  grams  , .       3.  3cc. 

The  volatile  acids  contained  a  notable  proportion  of  soluble  acids  of 
sparing  solubility  in  water,  and  had  the  characteristic  odor  of  the  dis- 
tillate from  cocoa-nut  oil.  The  sample  was  certified  to  contain  33  per 
cent,  of  the  adulterant.  The  most  accurate  determination  of  the  cocoa- 
nut  oil  is  obtained  from  the  saponification  equivalent.    Mr.  Allen  gives 

*  Letter  of  :\Iarch4,  1689. 

I  Commercial  Organic  Analysis,  Vol.  2,  p.  142. 
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the  sapouificatiou  eqiiivaleut  of  hud  at  2S9  aud  cocoa-nut  od  at  219 ; 
hence  every  .7  fall  ia  the  equivalent  below  289  indicates  the  probable 
presence  of  1  per  cent,  of  the  adulterant.  Pressing  inquiries  have  been 
sent  to  Mr.  Allen  from  America  as  to  where  cocoa-nut  stearine  could  be 
obtained,  but  none  was  found  to  be  on  the  market.  The  comparison  of 
the  analyses  of  pure  lard  and  cocoa-nut  oil  is  given  in  the  followiag 
table: 


Original  fat : 

Plummet  gTiivity  at  99^  C 860  to. 801   .868  to 

Iodine  absorption 55  to  61 

S;q)onification  equivalent 286  to  292 

Volume  of  ^  alkali  required  by  distillate  from  5  grams 

Separated  fatty  acids : 

Plummet  gravitv  at  99=  C L  838  to  .840 

"  I 

Iodine  absorption 61  to  64 

Mean  combining  weight i  278 


DETECTION   OF   COTTONSEED   OIL   IN  LARD. 

Mr.  A.  H.  Allen*  has  made  a  further  study  of  the  detection  of  cotton- 
see^l  oil  in  lard.  As  a  result  of  his  analyses  he  gives  the  following  fig- 
ures: 


O^J°J"°^     Leaf  lard. 

1  American 
English    1    lard  con- 
lard,       j  taining  cot- 
'  tonseed  oil. 

1 

Mixture  of 

unknown 

nature. 

Suspected 
sample. 

Original  fat: 

Melting  point,  C^* 39.0 

Solidifying  point,  C^ '-^fi.  5 

40.0 
32.0 
.  8620 

60.5 

39.5 
^38.  5 

.8385 

39.  0                37.  5 
27.  0                ''".  .T 

40.0 

30.5 
.  8637 

63.8 

39.5 
■*37.  5 

.  8ir.o 

270.  8 

70.4 
57.8 

(91.6) 

Marked 
blackening. 

Plummet  gravity  at  99  C^ 

Iodine  absorption,  per 
cent 

Fatty  acids : 

Melting  point,  C° 

Solidifying  point,  C^ 

.8602 
55.  4 

39.0 
*38.7 

.8372 
274.  5 

58.  3 
58.4 

87.4 

Wbite. 

.  8308 
62.0 

.8648 
82.5 

.  8037 
02.8 

Plummet  gravitv  at  99  C° 

.  8385 

Mean  combinin"'  weio^bt 

Iodine    absorption,  per 
cent 

05.3 

64  8 

Oleic  acid,  etc.,  per  cent. 

Oleic  acid,  iodine  absoi-p- 
tion 

Milliau's  nitrate  of  sil- 

1                       i    ■ 

Wllite                   ar'0^r           1       AfoT-Vnrl 

blackening. 

darkeniug. 

'Rising  to  27.5 


2Risingto39.0. 


Rising  to  38.8. 


*  Rising  to  38.5. 


*TLie  Anal3'st,  Septemljer,  18S8. 
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He  also  gives  the  result  of  a  com})arisou  of  tallow,  lard,  aud  cotton 
oil: 


Tallew. 


Lard. 


Cotton  oil. 


Original  fat: 

Melting  point,  C* 

Solidifying  point,  C^ 

Specific  gravity  at  59  C°..- 

lodine  absorption,  per  cent 
Fatty  acids : 

Melting  point,  C^ 

Solidifying  point,  C^ 

Specific  gravity  at  99  C°  ... 

Iodine  absorptioD,  per  cent 


33  to  48 

.862 

■40 

45 
J3 


41.3 


28  to  45 


860  to .  861 
59  to  62 


38 


64.2 


Fluid. 


165  to  110 

3j  to  36 

30 

.6467 

115.7 


Analyses  were  also  made  of  cotton  oil  and  cotton-oil  acids,  as  indi- 
cated iu  the  foUowinor  table : 


A      n^t+r^  C. — Cotton- 

onlteSlSl ,  B.-Cotton  oil.      oU^acids 


Plnmmet  gravity  at  99  C^. 

Melting  point  C^* 

Solidifying  point  C= 

Iodine  absorption 

Saponification  equivalent. 
Acidity  (=oleic  acid.l 


S684 

.8725 

.  8476 

40 

-T 

*31 

32 

89.8 

lOStollO 

115.8 

285  to  294 
Trace. 

289 

.34 

97.6 

*Eisingto32.5o. 

It  is  found  that  there  is  a  marked  difference  in  the  specific  gravity  of 
lard  and  cotton  oil,  and  also  in  the  iodine  absolution  of  the  two.  Lard 
and  beef  fat  have  substantially  the  same  specific  gravity.  The  difference 
is  important,  since  it  would  enable  one  to  distinguish  a  mixture  of  beef 
stearine  and  cotton  oil,  having  an  iodine  absorption  of  about  CO  from 
genuine  lard.  Thus,  with  a  proportion  of  the  adulterant  in  a  mixed  com- 
position of  lard,  tlie  cotton  oil  only  can  be  ascertained  with  considerable 
accuracy  by  determining  the  iodine  absorption  :  the  estimation  will  be 
below  the  truth  if  beef  stearine  be  i^resent.  On  the  other  hand,  the 
presence  of  beef  stearine  does  not  interfere  with  the  deduction  to  be 
drawn  from  the  increased  specific  gravity  of  the  melted  sanaple. 

Mr.  Allen  finds  Milliau's  nitrate  of  silver  test  to  be  valuable,  and  pre- 
fers it  to  the  original  one  proposed  by  Bechi.  In  his  opinion  the  in- 
dications obtained  from  the  melting-point  or  solidifving-point  of  the 
glycerides  of  the  fatty  acids  are  of  no  value.  Samples  of  lard  oil  were 
found  to  have  an  iodine  absorption  of  73  and  71.  while  one  several  years 
old  gave  only  41.  It  is  recommended  that  the  iodine  absorption  be  de- 
termined on  the  fatty  acids  instead  of  the  original  glycerides.  thus  avoid- 
ing the  use  of  chloroform,  which  has  a  marked  disturbing  influence  on 
the  strength  of  the  iodine  solution  employed. 
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Hebiier*  states  that  in  Becbi's  test,  without  impairment  of  the  deli- 
cacy, the  re-agent  may  be  made  up  without  the  amyl  alcohol  or  rape-seed 
oil.  lie  makes  the  solution  of  nitrate  of  silver  in  alcohol  and  ether  very 
slightly  acidified,  and  adds  to  the  oil  to  be  examined  about  one-half  of 
the  bulk  of  the  silver  solution,  and  then  heats  on  the  water-bath  for  one- 
quarter  of  an  hour  longer.  Pure  lard  always  remains  x^erfectly  un- 
changed by  this  treatment,  while  cotton-oil  mixtures  blacken  more  or 
less  quickly.  It  is  quite  x^ossible  to  arrive  at  approximate  quantitative 
results  by  comparing  the  oil  mixtures  of  known  composition.  Mr. 
Hehner  does  not  see  any  advantage  in  Milliau's  modification.  The  rise 
of  temperature  when  mixed  with  sulphuric  acid  is  to  be  preferred  as  a 
method  of  estimating  the  quantity  of  cotton  oil  in  lard.  The  sample, 
of  course,  must  be  free  from  water.  When  50  grams  of  pure  lard,  ac- 
cording to  Hehner,  are  mixed  with  lOcc  of  strong  sulphuric  acid  the 
rise  of  temperature  vades  from  24°  to  27.5o,  while  cotton  oil  in  the 
same  conditions  shows  an  increase  of  70°.  In  every  case  lard  which  re- 
duces silver  shows  an  increase  of  temperature  of  more  than  27.5°. 

[]SroTE. — Compare  these  temperatures  with  those  obtained  in  our  ex- 
periments. The  mean  rise  of  temperature  Ibr  pure  lard  was  41.5°,  and 
the  mean  increase  for  cotton  oil  85.4°.] 

Koland  Williams t  has  als®  contributed  a  study  to  the  adulteration  of 
lard  with  cotton  oil.  He  regards  the  saponification  equivalent  as  quite 
useh\ss  as  far  as  the  detection  of  cotton  oil  in  lard  is  concerned,  as  both 
the  lard  and  cotton  oil  require  practically  the  same  amount  of  aikali  for 
saponification.  In  case  of  the  use  of  cocoa-nut  oil,  however,  the  deter- 
mination of  the  saponification  equivalent  is  of  the  highest  importance. 

The  melting-point  also  is  regarded  as  of  no  value  in  respect  of  the  de- 
tection of  adulteration,  since  it  depends  largely  on  the  parts  of  the  ani- 
nml  from  which  the  fat  has  been  obtained.  The  specific  gravity  of 
pure  lard  at  the  boiling-point  of  water  is  about  .861,  and  of  cotton-oil 
at  the  same  temx)erature  .872.  It  may  be  possible,  therefore,  to  derive 
some  valuable  information  in  regard  to  the  constitution  of  lard  or 
mixed  lards  from  a  careful  determination  of  the  specific  gravity.  Mr. 
Williams  failed  to  obtain  valuable  results  with  Maumene's  test.  This 
failure  was  doubtless  due  to  some  imperfection  in  the  method  of  ma- 
nipulation. 

In  the  a*bsence  of  interfering  bodies  Mr.  Williams  relies  chiefly  upon 
the  percentage  of  iodine  absorbed  in  estimating  approximately  the 
amount  of  cotton  oil  present  as  an  adulterant.  The  addition  of  stea- 
rine  to  lard  interferes  seriously  with  the  determination  of  the  percent- 
age of  added  cotton  oil  by  the  iodine  method.  He  has  found  pure 
lards  to  absorb  from  GO  to  62  per  cent,  of  iodine.  One  sample  of  lard, 
said  to  be  leaf  lard,  absorbed  only  51  per  cent.  Borne  leaf  lard  ren- 
dered by  Mr.  Allen  hin:iself  absorbed  51.8  per  cent. 


*  Tlic  Analyst,  September  ISSU  p.  165,  et  scq. 
tThe  Analyst,  September,  1888,  pp.  168,169. 
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Milliau's  modilication  is  recommeuded,  but  it  is  advised  that  a  blank 
experiment  be  made  with  the  re-agent,  since  sometimes  alcohol  contains 
impurities  which  reduce  silver  nitrate.  Experiments  in  the  use  of  the 
siher  nitrate  test  for  quantitative  purposes  did  not  give  satisfactory-  re- 
sults. 

Jones*  says  that  he  was  the  first  public  analyst  of  England  to  cer. 
tify  a  case  of  lard  adulterated  with  cotton  oil  under  the  sale  of  food  and 
drugs  act.  He  first  applied  a  qualitative  test  with  chloride  of  sulphur 
essentially  the  process  described  by  Warren.  He  used  5  grams  of 
the  fluid  lard  in  a  porcelain  dish,  to  which  he  adds  2cc  of  equal  vol- 
nm.es  of  chloride  of  sulphur  and  bisulphide  of  carbon.  The  mixture  is 
vvell  stirred  at  first  and  occasionally  for  fifteen  or  twenty  minutes.  No 
heat  is  applied.  By  this  treatment  genuine  lard  only  thickens  or  be- 
comes rather  stiff  in  three  hours.  If  it  contain  cotton  oil  it  becomes 
quite  hard  and  solid  iu  one-half  hour.  This*  test  is  very  simple,  but 
with  practice  oue  can  with  certainty  pick  out  all  lards  containing  cot- 
ton oil.  He  estimates  the  extent  of  the  adulteration  l>y  the  percentage 
of  iodine  absorbed.  He  finds  that  pure  lard  never  takes  sensibly  more 
than  60  per  cent,  of  iodine,  while  cotton  oil  takes  105  to  110  per  cent. 
He  adopts  the  formula — 


100 


absorbed— GO 


/  i.  ausorueu  —  uu  \  j.       ^j.         -i 

(  —^^ j=  per  cent,  cotton  od. 


The  accuracy  of  the  work  is  checked  by  the  specific  gravitj'  taken  at 
100^  F.  At  this  temperature  the  specific  gravity  of  pure  lard  is  taken 
at  .9060,  and  of  cotton  oil  at  .9135. 

The  formula  for  calculating  the  percentage  of  adulteration  bj^  the 
specific  gravity  is  as  follows : 

.QO  /Sp.  gr.  found- OOP y^,^^.  ^^^^_  ^^^^^^^  ^.^^ 

The  radical  error  in  the  method  of  Mr.  Jones  is,  that  he  takes  no  ac- 
(!0UQt  whatever  of  the  admixture  of  stearine  with  adulterated  lard,  which 
may  be  done  so  skillfully  as  to  wholly  vitiate  the  method  employed  for 


determining  the  amount  of  adulteration. 


Stock t  describes  a  modification  of  Milliau's  method  for  the  detection 
of  cotton  o'l.     His  method  is  as  follows: 

Fifteen  grams  of  the  sample  are  saponified  in  a  7  inch  porcelain  basin 
with  a  mixture  of  15cc  of  30  per  cent.  I^aHO  and  15cc  of  92  per  cent, 
alcohol.  To  commence,  the  fat  is  heated  to  ilO^  0.  The  alkaline  al- 
cohol must  be  added  in  quantities  not  exceeding  Ice  at  a  time,  the 


*The  Analyst,  September  18SS,  p.  170. 
fTbe  Analyst,,  September,  18S8,  p.  172. 
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temperatare  not  being  allowed  to  fall  below  95°  C.  to  100°  C,  constant 
stirring  at  this  part  of  the  operation  being  most  importaut.  If  tlie  sa- 
ponification lias  been  successful,  the  resultant  soap  is  a  smooth,  thick 
paste.  Boiling  distilled  water  is  now  added  drop  by  drop,  a  thin,  flexi- 
ble spatula  being  used  to  break  down  the  paste.  When  this  has  the 
nppearance  of  smooth  starch,  water  maj^  be  run  in  till  a  volume  of  500cc 
is  readied.  Complete  solution  should  follow.  Forty  cubic  centimeters 
of  diluted  sulphuric  acid  (1 — 10)  are  now  added  to  the  contents  of  the 
basin,  the  liquid  is  stirred  gently  and  brought  to  boil  for  seven  to  twelve 
minutes,  then  kept  just  below  boiling,  until  the  sei)arated  fatty  acids 
fuse  to  a  clear  oily  layer.  The  greater  bulk  of  the  acid  watery  liquid  is 
siphoned  off,  the  remainder  with  the  fatty  acids  being  poured  into  a 
clean,  warm  flask  with  a  somewhat  long  and  narrow  neck.  The  fatty 
acids  are  freed  as  nearly  as  possible  by  siphonage  from  the  watery 
under  layer,  and  the  flask  is  filled  up  with  boiling  water  so  as  to  bring 
the  fatty  acids  into  the  neck,  by  which  operation  a  partial  washing  is 
given.  Five  cubic  centimeters  of  the  fused  fa+t}'  acids  are  now  trans- 
ferred by  means  of  a  diy^  warm,  fast  running  pipette,  into  a  clean,  dry, 
wide  test  tube.  Twenty  cubic  centimeters  of  absolute  alcohol  are  added, 
care  being  taken  to  wash  the  pipette  by  running  the  alcohol  through  it. 
The  contents  of  the  test  tube  are  heated  to  incipient  ebullition  in  a  ves- 
sel of  boiling  water.  Two  cubic  centimeters  of  a  30  per  cent,  solution  of 
silver  nitrate  are  now  rapidly  poured  into  the  tube,  when,  if  even  2  per 
cent,  of  cotton  oil  be  present  in  the  sample,  the  characteristic  cedar- 
brown  color  is  at  once  developed.  Pure  lard  gives  absolutely  no 
color. 

To  quantify  this  reaction,  known  mixtures  of  i)ure  lard  and  refined 
cotton  oil  are  treated  exactly  as  above,  and  the  colors  in  the  different 
tubes  compared  by  reflected  light  against  a  white  background.  This 
must  be  done  simultaneously,  for  in  about  seven  minutes  the  coloring 
matter  begins  to  fall  out,  and  correct  comparison  is  then  impossible. 
In  careful  hands  excellent  results  are  obtainable. 

Prof.  J.  Campbell  Brown*  calls  attention  to  errors  analysts  are  liable 
to  make  : 

1.  They  are  liable  to  underestimate  the  proportion  of  cotton  oil  when 
relying  upon  the  iodine  test  alone.  The  reason  of  this  is  found  in  the 
admixture  of  stearine  in  adulterated  lards  which  has  a  low  iodine  num- 
ber. 

2.  They  are  liable  to  condemn  genuine  lard  which  is  more  oily  than 
pork  fat  or  lard  rendered  in  England.  According  to  Hehner  American 
lard  contains  more  olein  than  English,  I  do  not  think  the  assumption  of 
Hehner  a  just  one  since  theiodnie  number  of  pure  lards  in  this  country 
is  found  to  be  about  the  same  as  in  England. 

Mr.   ^\'atson  (irovt  ^'ives  the  results  of  some  determinations  of  the 
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absorption  of  iodine  by  lard  showing  a  very  low  absorbtive  power, 
results  are  given  in  the  following  table: 


His 


Kind  of  lard. 


Iodine  ab- 
sorption. 


From  omentum  of  hog 

Market  lard  (bought  in  Liverpool) 

From  omentum  of  sow 

From  back  of  pig 


Vcr  crnt. 
49.5 

49 


Mr.  Grey  will  fix  the  average  for  English  lards  at  57  \)qt  cent,  instead 
of  62  as  taken  by  Mr.  Allen.  Mr.  Fox  stated  that  he  had  recently 
found  50  per  cent,  of  pea-nut  oil  in  lard  oil,  determining  it  by  the  altered 
specific  gravity  and  the  presence  of  arachidic  acid. 

Mr.  M.  F.  Horn*  gives  a  method  for  the  quantitative  estimate  of  par- 
aftiue,  cerosin  and  mineral  oils,  in  fats  and  wax.  Inasmuch  as  these 
adulterations  are  not  likely  to  occur  in  lard  I  will  cite  onl}^  the  original 
paper. 

Eoland  Williams  t  gives  a  table  showing  the  iodine  numbers  and  melt- 
ing-points of  certain  fatty  acids.  The  melting-points  were  determined 
by  the  ordinary  capillary-tube  method.     Following  are  his  results: 


Xame  of  fatty  acid. 


Iodine  ab- 
sorption. 


Melting- 
point. 


Tallow 

Lard 

Cotton  oil 

Olive  oU 

Linseed  oil... 

Eape  oil 

Castor  oil 

Cocoa-nut  oil 

Palm  oil 

Sperm  oil 


Fer  cent. 
41.3 

°F. 
119 

64.2 

100 

115.7 

96 

90.2 

81 

178.  5 

75 

10.-.  6 

71 

9.3.9 

114 
50 


The  low  melting-point  in  the  case  of  lards  is  explained  by  Mr.  Wil- 
liams on  account  of  the  fat  having  been  taken  from  the  entire  animal. 
As  might  be  expected  the  fatty  acids  absorb  a  slightly  greater  percent- 
age of  iodine  than  the  glycerides  from  which  they  were  made. 

Prof.  Stephen  P.  Sharplesst  relies  upon  the  usual  tests  for  thedetec- 
tio*i  of  the  adulteration  of  lard  with  cotton  oil.  Bechi's  test,  he  says, 
gives  good  results.  Nitric  acid  of  1.35  specific  gravity  gives  only  a  faint 
color  with  pure  lard,  while  with  lard  adulterated  with  cotton  oil  it  gives 
a  color  more  or  less  intense.  For  the  detection  of  added  stearine  made 
from  tallow  Dr.  Belfield's  microscopic  test  is  employed.     The  suspected 


*  The  Aualyst,  Oct.  18!i8,  p.  181. 
t  The  Analyst,  May,  1888,  p.  88. 
t  The  Analyst,  April,  1888,  p.  G9. 
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lard  is  dissolved  in  etLier  in  a  test  tube,  which  should  be  about  two-thirds 
filled.  The  solution  should  be  nearly  saturated.  The  tube  is  loosely 
stopped  with  cotton  wool,  and  placed  in  a  quiet  room,  at  a  temperature 
of  about  00°  F.  When  the  first  crystal^  are  formed  they  are  removed  by 
means  of  a  pipette,  placed  on  the  slide  of  the  microscope,  and  examined 
in  the  usual  way.  The  forms  of  the  crystals  produced  have  already 
been  described. 

David  Wesson*  says  of  Belfield's  microscopic  test,  that  while  at  times 
it  gives  very  characteristic  cr^^stals,  at  other  times  their  forms  are  not 
sufticiently  definite  to  be  relied  upon.  The  nitric  and  sulphuric  acid 
tests  are  sometimes  unreliable,  especially  with  old  samples.  Bechi's  test 
is  also  sometimes  uncertain.  On  old  samples  of  cotton  oil  it  sometimes 
§ives  negative  results,  while  with  old  samples  of  lard  oil  it  will  give  a 
slight  reduction. 

Michael  Conroyt  uses  the  following  tests  for  the  determination  of  the 
inuity  of  a  sample  of  lard. 

(1)  Heat  and  stir  about  one-half  ounce  of  lard  with  one-tenth  its 
weight  of  strong  nitric  acid,  specific  gravity  1.42,  in  a  ])orcelain  dish 
of  abojut  8  ounces  capacity,  until  a  brisk  action  commences,  when  the 
source  of  heat  should  be  removed.  Pure  lard  sets  in  about  one  hour  to 
a  pale  orange-colored  solid,  but  if  it  contain  cotton  oil  it  takes  a  more  or 
less  deep  orange-brown  tint. 

(2)  The  test  of  Labiche  was  also  tried,  as  follows  :  Equal  parts  of  the 
fat  and  neutral  acetate  of  lead  and  ammonia  added,  stirring  briskly. 
The  acetate  of  lead  decomposes  and  the  nascent  oxide  reacts  upon  the 
oil,  causing  it  to  turn  red.     This  reac'iton  proved  a  failure. 

(3)  The  proceeding  of  Ernest  Milliau  By  this  test  it  is  chiimed  1  per 
cent,  of  cotton  oil  can  be  detected. 

(4)  Bechi's  test:  W^hen  sodium  carbonate  has  been  used  to  correct 
the  acidity  of  lard  this  test  is  not  applicable,  unless  the  re  agent  be 
acidified  with  nitric  acid.  The  following  modification  of  Bechi's  test 
was  employed  :  A  solution  of  five  parts  of  silver  nitrate  and  one  part  of 
nitric  acid,  specific  gravity  1.42,  in  one  hundred  i^arts  of  alcohol.  Put 
0  grams  of  lard  in  a  dry  test  tube  and  add  one-fourth,  gram  of  the  so- 
lution above  described,  and  hold  the  tube  in  boiling  water  for  five  min- 
utes. Pure  lard  remains  perfectly  white,  but  if  adulterated  with  cotton 
oil  it  assumes  a  more  or  less  olive-brown  color.  This  color  is  best  ob- 
served when  the  lard  sets.  One  percent,  of  cotton  oil  in  a  lard  gave  a 
color  quite  distinct  from  the  genuine  article. 

Cotton  oil  has  also  been  used  for  the  adulteration  of  tallow. t 
The  melting-point  of  the  genuine  tallow,  according  to  Williams,  va- 
ries considerably  in  different  samples,  ranging  from   100^  to  12(P  F. 


*  The  Analyst,  July,  18S8,  p.  140. 

tTLie  Aualyst,  Vol.  13,  No.  I5t,p.  203.     Tlie  Pliarmaoeutical  Jonninl  ami  Transac- 
tions, -September  20, 1888,  p.  237. 

\  Roland  "Willinnis,  Journal  of  Society  of  Chemical  Indnstry,  Marcli,  1888,  p.  186. 
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The  best  class  of  tallo\7  has  a  melting-point  of  about  110°  F.  Pure 
tallow  requires  from  19.3  per  cent,  to  19.8  per  cent,  of  caustic  potash  for 
saponification,  and  cotton  oil  19.1  to  19.0.  A  series  of  mixtures  of  tal- 
low and  cotton  oil  was  prepared  containing-  5,  10,  15,  20,  25,  30,  and  40 
per  cent,  of  the  oil.  The  addition  of  the  cotton  oil  did  not  have  the  effect 
uj)ou  the  melting-point  which  might  be  expected.  The  pure  samples 
melted  at  110^  F.  and  tlie  one  witii  40  per  cent,  oil  at  102o  F.  The 
quantity  of  iodine  absorbed  was  by  the  pure  tallow  40.8  per  cent.,  and 
by  the  mixture  containing  40  percent,  oil  06.2  i^er  cent.  The  percent- 
ages for  the  several  samples  were  as  follows:  44,  47.1,49.7,  52.9,50.1, 
59.2,  06.2.  The  percentage  of  iodine  absorbed  by  the  original  cotton  oil 
was  109.1  per  cent.  The  percentages  of  iodine  absorption  have  a  re- 
markably close  connection  with  the  percentage  of  cotton  oil  present  in 
the  various  mixtures. 

REACTION  OF  ANIMAL  AND  VEGETABLE  GLYCERIDES  FOR  CHOLES- 
TERIN  AI^D  PHYTOSTERIN. 

The  presence  of  cholesterin  in  animal  glycerides,  especially  liver  fat, 
has  long  been  known. 

A  substance  homologous  with  cholesterin  was  detected  in  the  oil  of 
Calabar  beans  in  1878  by  Hesse,  to  which  he  gave  the  name  of  phytos- 
terin.* 

Salkowski  x>roposes  to  distinguish  animal  and  vegetable  fats  from 
each  other  by  testing  them  for  cholesterin  and  phytosterin  respect- 
tively  t.  To  obtain  the  cholesterin  (phytosterin)  50  grams  of  the  glycer- 
ides, animal  or  vegetable  are  saponified  with  alcoholic  potash.  The 
alcohol  is  evaporated,  and  the  soap  diluted  with  water  to  about  2  liters. 
This  is  shaken  in  a  separating  globe  with  ether,  and  the  ether  solution 
drawn  off  and  evaporated  to  small  bulk.  The  residue,  which  may  con. 
tain  a  small  quantity  of  unsaponified  fat,  is  again  treated  with  potash, 
and  the  separation  effected  by  ether,  as  above,  only  a  little  water  being 
added.  If  the  ether  solutions  separate  slowly,  a  few  drops  of  alcohol 
may  be  added. 

The  ethereal  extract  is  evaporated  and  the  cholesterin  separated  in 
crystals.  Animal  cholesterin  has  a  melting-point  of  140^;  vegetable 
(phytosterin)  132°.  The  two  also  show  distinctly  crystalline  forms 
which  are  easilily  distinguished  under  the  miscroscope.  Vegetable 
cholesterin  shows  star-shaped  crj'stals  or  bundles  of  long,  quite  solid, 
needles,  while  the  animal  product  gives  thin  rhombic  tables. 

Dissolved  in  chloroform,  the  two  products  show  different  color  reac- 
tions with  strong  sulphuric  acid.  Cholesterin  shows  a  cherry-red  and 
phytosterin  ablue-red  color.  In  mixtures  of  animal  and  vegetable  glycer. 
ides  the  melting-point  of  the  cholesterin  obtained  may  become  a  lair  in- 
dex of  the  proportion  of  the  two  present.     Thus,  a  melting-pointof  139^ 


*  An.  (I.  Cliem.  u.  Pbann.,  Vol.  19l>,  p.  178. 
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would  indicate  that  the  fat  from  which  the  cholesterin  was   obtained 
was  made  up  of  equal  i)roporttoDS  of  aoimal  aud  ve.^etable  gl yccrides. 

SEPARATION   OF   STEARINE   AND   PALMITINE   IN   LARD. 

Isbert  and  Yeuator*  have  separated  stearine  and  palmitine  from  lard 
in  the  following  manner  : 

The  sample  is  dissolved  in  cold  ether  in  a  test  tube,  and  tlie  closed 
tube  allowed  to  stand  for  some  time.  At  the  end  of  about  two  hours 
the  stearine  begins  to  separate  and  is  collected  at  the  bottom  of  the 
tube.  The  identity  of  the  stearine  was  shown  by  its  melting-point,  viz, 
GOO.    Q]|2e  palmitiu  separates  later. 

The  separation  can  also  be  effected  by  solution  in  boiling  alcohol. 
The  separated  giycerides  are  separated  from  olein  by  pressing  between 
blotting  pai)cr. 

ABSORPTION   OF   OXYGEN. 

Cotton  oil  absorbs  a  notable  proportion  of  oxygen  when  subjected  to 
the  Livache  process. t 

Finely-divided  lead  is  obtained  by  precipitating  with  zinc.  About  1 
gram  of  the  lead  powder  is  placed  on  a  watch  glass  and  mixed  with 
nearl}'  5  grams  of  oil.  The  disk  is  placed  in  a  well-lighted  room  of 
medium  temperature. 

Cotton  oil  gains  about  0  per  cent,  in  weight  in  forty-eight  hours. 
The  equivalent  of  oxygen  absorption  may  also  be  ai^proximately  calcu- 
lated for  cotton  oil  from  its  iodine  number  by  multiplying  this  by  .063 

For  cotton  oil  the  number  thus  obtained  is  6.7  per  cent. 

ELAIDINE   REACTION. 

Oleic  acid  under  the  influence  of  nitrous  acid  is  converted  into  an 
isomeric  elaidic  acid. 

In  like  manner  triolein  C3H5  (OCi8H330)3  is  converted  into  elaidine. 
This  substance  is  formed  in  crystalline  masses,  and  its  melting-point  is 
variously  given  at  32^  to  38^.  Following  is  the  method  of  applying  the 
elaidine  test  known  as  Pontet's  process  in  the  municipal  laboratory  of 
Paris : 

Grams. 

Of  the  oil  to  be  tested 10 

Nitric  acid 5 

Mercury 1 

Place  in  a  test  tube  and  shake  vigorously  for  three  minutes  until  the 
mercury  is  dissolved;  allow  to  stand  for  twenty  minutes,  and  shake 
again  for  one  minute. 

In  from  one  to  three  hours  the  sample  becomes  hard.  Olive,  pea^nut, 
and  lard  oils  give  the  hardest  elaidioes.    Copper  may  be  used  instead 

"■  Zeit.  f.  Angew.  Cbemie,  June  L  1888,  p-  ^^l^"'- 
tMouiteur  Scientilifine,  Vol.  Vl,  p.  '-liV.)  c(  seq. 
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of  mercury,  in  which  case  the  nitric  acid  should  be  somewhat  diluted. 
The  red  vapors  produced  by  the  action  of  iron  on  nitric  acid  may  also 
be  conducted  directly  into  the  oil. 

One  part  of  the  strong  nitric  acid  may  also  be  shaken  with  three  to 
five  parts  of  the  oil  and  a  solution  of  uitrite  of  potash  added  drop  by 
drop  with  constant  shaking. 

Attempts  have  been  made  to  measure  the  relative  hardness  of  the 
elaidine  produced  by  the  distance  which  a  plunger  carrying  a  known 
weight  would  sink  into  it,  and  the  data  thus  obtained  have  been  used 
for  quantitative  calculations. 

SPECTROSCOPIO   EXAMINATION. 

The  absorption  spectrum  of  an  oil  depends  upon  the  character  of  the 
coloring  matter  contained  therein.  Many  vegetable  oils  give  a  spectrum 
characteristic  of  chlorophyll. 

Cotton  oil  gives  a  banded  absorption  spectrum. 

The  use  of  the  spectroscope  in  examinations  for  lard  ad^ilteration  is 
probably  not  as  extensive  and  general  as  the  merits  of  the  process 
would  warrant. 

FURTHER  QUALITATIVE  REACTIONS. 

There  are  other  qualitative  reactions  which  might  sometimes  prove  of 
value  in  the  examination  of  lard  and  its  adulterations. 

These  are  the  methods  of  Chateau,' Faure,  Heydenreich,  Penot,  Crace 
Calvert,  Fltickiger,  and  Glgessner. 

A  full  description  of  these  methods  is  given  by  Benedikt.* 

ABSTRACTS  OF  METHODS  OF  LARD  ANALYSES,  WITH  RESULTS  THEREOF. 

I  Employed  in  the  case  of  McGeoch,  Everingham  &  Co.  vs.  Fowler  Bros.,  before  Chicago  Board  of 
'  Trade.] 

Much  progress  has  been  made  in  the  science  of  lard  analysis  since 
the  famous  case  of  McGeoch,  Everiugham  &  Co.  vs.  Fowler  Bros.,  the 
notes  of  which  have  been  j)ublished  in  pamphlet  form  by  Knight  & 
Leonard,  Chicago,  1883. 

The  complaint  against  the  Fowler  Bros,  rested  on  the  charge  that 
they  had  sold  prime  steam  lard  which  contained  other  than  hog  fat. 
The  complaint  was  brought  before  the  Chicago  Board  of  Trade,  and  was 
heard  by  the  board  of  directors  thereof.  Samples  of  the  suspected  lard 
were  submitted  to  a  large  number  of  chemists,  and  an  abstract  of  their 
methods  of  analyses  and  the  results  obtained  follows  : 

TESTIMONY  OF  DR.    P.    B.    EOSE.t 

He  can  generally  tell,  when  a  sample  of  prime  steam  lard  is  sent  to  liim,  if  there 
have  been  any  impurities  pnt  into  it,  by  examining  its  co]or  and  quality:  the  sam- 
ples are  sent  to  liim  for  the  purpose  of  seeing  whether  llio  lard  is  np  to  the  proper 

''Analyse  der  Fette  nnd  Wachsarten,  p.  T9S,  et  seq. 
t  Pamphlet  mentioueil,  p.  116. 
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staDtliird,  whether  ib  is  oti-color,  or  auythiug  of  that  sort;  soinetimeB  lard  is  of  too 
dark  a  color  ;  a  small  quantity  of  tallow  in  lard  could  not  be  detected  by  its  appear- 
ance to  the  naked  oye ;  a  thousand  or  twelve  hundred  pounds  of  tallow  put  into  one 
or  two  tanks  could  not  be  detected  by  the  eye  ;  he  thinks  during  last  Novembcronly 
a  thousand  or  twelve  hundred  pounds  of  tallow  was  received  into  the  house  from  all 
sources.  Tallow  fat  is  worth  7^  to  8  cents  per  pound  ;  he  has  never  tried  it,  and  does 
not  know  how  much  tallow  could  be  put  in  a  tank  of  lard  without  it  being  detected. 
25  or  20  per  cent,  could  be  detected,  and  he  thinks  15  per  cent,  could  be  readily  de- 
tected by  the  naked  eye  and  by  the  taste ;  he  has  never  tried  10  per  cent :  he  thinks 
an  inspector  would  readily  detect  15  per  cent.,  and  with  10  per  cent,  of  tallow  he 
thinks  an  inspector  would  discover  there  was  something  wrong. 

TESTIMONY    OF    PROF.    M.    DELAFONTAINE.* 

Chicago,  June  6,  1883. 
7o  whom  it  may  concern  : 

This  is  to  certify  that  on  or  about  the  22d  of  May  and  the  2d  of  June,  1883,  I  re- 
ceived from  Mr.  Mixer,  provision  inspector  of  the  Board  of  Trade,  three  samples  of 
lard,  respectively  marked  1,  2,  and  3.  Mr.  P.  McGeoeh  requested  me  to  analyze  them, 
and  I  find  that  neither  of  them  is  pure  hog  fat.  Samples  Ncs.  1  and  2  gave  indica- 
tions of  cotton-seed  oil,  and  both  contain  a  percentage  of  beef  stearine  (or  a  corre- 
sponding quantity  of  beef  tallow)  exceeding  10  per  cent.  Owing  to  the  smallness  of 
the  quantity  of  No.  3  at  my  disposal,  I  can  not  testify  positively  and  beyond  reason- 
able doubt  about  the  presence  or  absence  of  cotton-seed  oil,  but  the  proportion  of 
beef  stearine  is  at  least  equal  to  that  found  in  the  other  samples. 

M.  Delafontaine. 

The  experiments  were  all  comparative;  the  same  weight  of  each  substance  and 
the  same  bulk  of  solvents  used,  drawn  from  the  same  supply ;  the  vessels  were  of  the 
same  kind  and  capacity  ;  the  experiments  were  conducted  on  the  same  table,  at  the 
same  window,  etc.  ;  nothing  was  ditferent  but  the  final  results  for  difi:erent  samples  ; 
temperature  between  12  and  15  degrees  centigrade.  For  the  detection  of  cotton- 
seed oil  olein  was  extracted,  as  usual,  and  tested'by  the  elaidine  test  (the  taste  and 
smell  were  noted  too).  For  the  extra  stearine  the  lard  was  treated  with  eight  or 
nine  times  its  weight  of  pure  alcohol  and  ether,  half  and  half,  allowed  to  stand 
twenty- four  hours,  liquid  then  poured  out  and  replaced  by  a  little  over  half  as  much 
again  of  the  solvent,  shaken  often,  filtered  after  eight  or  ten  hours,  dried,  weighed. 

Firaf.  What  quantity  of  lard  did  you  operate  upon  ? 

Answer.  For  some  experiments  on  about  4-fo  grams  ;  for  others  on  twice  that  quan- 
tity ;  for  others  on  20  grams. 

Second,  What  was  the  liquid  you  used  to  dissolve  the  lard  in  ?  if  a  mixture,  state 
what  proportions  of  each  liquid. 

Answer.  Half  Squibb's  ether,  and  half  Squibb's  absolute  alcohol. 

FiflJi.  Did  you  heat  the  lard  and  add  to  it  the  mixture,  or  did  you  simply  add  the 
lard  and  then  apply  the  heat  ? 
Answer.  The  lard  was  heated  to  about  70  degrees  C. 


What  was  the  shape  and  size  of  thy  vessel  in  which  you  thus  treated  it  ? 
Cylindrical  glass  jars,  glass-stoppered,  graduated,  holding  50,   100,   and 


Seventh 
Answer 
200oc. 

Eighth.  Did  you  decant  the  lii^uid  off? 
Answer.  I  did. 


*  Op.  cit.,  pp.  139, 140, 141, 14-2, 143. 


518  FOODS  AND  FOOD  ADULTERANTS. 

Tenth.  After  tllteriuo-  or  decanting  as  above,  liow  did  you  treat  it,  ov  where  did  you 
keep  it  before  weighing  ? 

Answer.  Dried  it  in  an  air-bath. 

EJevenlh.  Did  you  weigh  the  residue  while  on  a  filter  or  in  a  beaker,  or  evaporat- 
ing dish,  or  how  ? 

Answer .  On  the  filter. 

Twelfth.  What  was  the  exact  weight  of  the  residue  found  ? 

Answer.  I  have  kept  a  record  only  of  the  results:  the  only  figures  that  I  can  find 
just  now  of  the  actual  weight  of  the  residue  are  the  following  : 
4.25  grams  of  lard,  No.  3,  gave  275  milligrams. 
4.7  grams  of  pure  lard  gave  350  milligrams. 
19.74  grams  of  pure  lard  gave  200  milligrams. 
0.4  grams  of  lard,  No.  3,  gave  600  milligrams. 

In  making  his  sample  test  of  pure  lard  he  took  his  material  chiefly  from  the  lo.if 
lard  and  from  the  sides  of  the  hog;  some  of  it  was  salted  aud  some  was  fresh  ;  before 
rendering  it  he  cut  the  material  into  very  small  pieces,  and  allowed  it  to  stand  in  a 
large  volume  of  cold  water  for  some  time  to  take  the  salt  out;  it  was  then  filtered 
out  in  pans  and  rendered  on  a  sand-bath,  that  is,  pans  full  of  sand  and  heated  from 
below,  so  as  to  get  an  even  temperature  and  not  burn  the  lard  :  after  rendering,  the 
lard  was  filtered,  in  order  to  remove  any  tissue  or  foreign  matter  from  it ;  he  is  quite 
sure  he  got,  into  1  per  cent.,  all  the  lard  there  was  in  the  material ;  the  temperature 
at  which  the  lard  Tvas  rendered  was  175  to  200  degrees  centigrade,*  which  is  much 
higher  than  is  necessary  to  break  tip  the  cells  and  melt  all  the  stearine  there  may  be 
in  the  lard.  In  getting  the  samples  of  lard  from  a  packing-house  he  asked  for  pure 
prime  steam  lard  ;  in  testing  that  sample  he  found  it  to  run  a  little  higher  in  stearine 
than  the  lard  he  rendered  himself;  he  can  not,  of  course,  say  that  the  sample  procured 
from  the  packing-house  was  perfectly  pure,  because  be  did  not  himself  see  it  ren- 
dered. The  solvent  he  used  was  absolute  alcohol  and  the  strongest  of  Squibb's  ether ; 
he  always  measured  the  solvent;  the  melted  lard  was  at  about  70  or  75  degrees  cen- 
tigrade, when  the  solvent  was  applied,  so  as  to  be  sure  the  palmitine  would  remain 
iu  solution.  After  the  solvent  was  mixed  with  the  lard  he  did  not  ascertain  its  tem- 
perature ;  he  had  no  use  for  that ;  the  lard  was  allowed  to  stand  in  the  solution  be- 
fore decanting  about  fifteen  to  eighteen  and  sometimes  twenty-four  hours,  during 
■which  time  it  was  kept  in  cold  water,  at  a  temperature  12  to  15  degrees  centigrade, 
always  below  15  and  sometimes  a  little  lower  than  12;  he  does  not  know  what  the 
temperature  of  the  room  was  in  which  the  mixture  was  allowed  to  remain.  The  mixt- 
ure of  alcohol  and  ether,  afrer  being  added  to  the  lard,  was  well  shaken  ;  after  the 
first  solvent  had  been  decanted,  he  replaced  it  with  about  half  as  much  of  fresh  solv- 
ent as  had  been  first  used,  shook  it  well  and  often  for  two  or  three  hour.s,  and  then 
allowed  it  to  stand  ten  or  twelve  hours  or  so,  sometimes  over  night,  again  shook  it 
several  times,  then  filtered,  and  in  order  to  avoid  an  error  that  might  arise  from  the 
liquid  evaporating  aud  leaving  a  part  of  the  residue  too  hard,  he  pressed  it  between 
blotting  papers  so  as  to  absorb  all  that  was  not  properly  residue,  then  dried  iu  an 
oven  and  weighed  it ;  sometimes,  while  it  was  on  the  filter,  he  poured  more  of  the 
solvent  on  it  and  again  filtered  so  as  to  dispose  of  all  that  was  soluble.  He  can  not 
see  what  the  residue  could  contain  except  stearine,  unless  it  might  be  a  small  quaii- 
tity  of  palmitine  ;  he  tested  the  residue  by  determining  its  melting  point  and  its 
solubility,  and  that  showed  it  to  be  stearine  ;  there  is  no  difference  in  the  chemical 
characteristics  of  the  pure  stearine  procured  from  the  fat  of  beef,  mutton,  or  pork  ; 
they  are  the  same  thing  as  far  as  he  knows,  and  he  does  not  know  of  any  difference 
in  the  chemical  reaction  of  these  different  kinds  of  stearine  :  he  does  not  attempt  to 
distinguish  between  them  ;  he  does  not  know  certainly  how  much  pure  stearine  lard 
actually  contains  ;  it  varies  ;  he  has  never  found  it  to  exceed  2  per  cent,  in  pure  lard, 
aud  sometimes  it  runs  ay  low  as  three-quarters  of  1  per  cent,  when  sul)jected  to  the 

*Pr()bablv  Fahrenheit  is  meant. 
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process  for  estractiug  it  he  lias  described;  very  likely  it  would  vary  that  mucli  iu 
lard  made  from  dillereiifc  parts  of  the  same  hog  ;  he  speaks  ou  these  points  from  his 
own  experiments;  he  has  not  looked  for  authorities  ou  this  subject ;  he  is  now  per- 
forming some  experimen<ts  which  he  hopes  will  throw  some  light  ou  this  branch  of 
the  subject. 

In  testing  for  cotton -seed  oil  he  extracted  the  olein  by  means  of  absolute  alcohol, 
heated,  allowing  the  liquid  to  cool  and  then  filtering  and  drying  off  the  alcohol:  he 
fakes  a  glass  flask  or  anything  capable  of  holding  the,  lard  and  pours  over  it  some  ab- 
solute alcohol,  and  boils  the  two  together  for  a  few  minutes,  then  allows  the  mixture 
to  cool ;  this  produces  a  crystallization  ;  and  then  having  kept  it  cold  for  a  number 
of  hours  he  filters  it.  and  the  liquid  is  for  all  practical  purposes  a  solution  of  olein 
and  alcohol ;  the  alcohol  is  then  driven  off  from  it  and  what  is  left  is  olein.  In  the 
case  of  these  lard  samples  he  treated  the  olein  by  the  elaidiue  test,  using  as  a  liquid 
sulphuric  acid  saturated  with  the  red  fumes  of  hypouitric  acid;  by  this  treatment 
tbe  olein  of  oils  is  turned  into  a  hard  solid  mass  ;  olein  is  naturally  a  liquid,  but 
when  tlie  test  is  applied  to  cotton-seed  oil  the  oil  remains  floating.  The  same  test 
applied  to  pure  lard  oil  or  pure  olive  oil  soon  turns  the  oil  hard.  If  cotton-seed  oil 
and  lard  oil  are  mixed  with  this  liquid  the  mixture  will  solidify  only  after  a  much 
longer  time  than  would  be  required  to  solidify  pure  lard  oil,  or  often  it  will  not  so- 
lidify at  all,  depending  upon  the  proportion  of  the  cotton-seed  oil;  he  took  a  glass 
test-tube  and  put  into  it  a  certain  quantity  of  the  olein  to  be  tested,  and  the  acid  to 
about  half  the  bulk  of  the  olein,  shook  it  well,  and  kept  the  tube  at  a  temperaturo 
of  about  10  degrees  centigrade  ;  he  observed  the  time  it  took  for  the  liquor  to  solidify. 
Nitric  acid  for  use  in  the  elaidiue  test  is  not  reliable  and  he  did  not  use  it:  he  de- 
pends upon  the  absence  of  solidification  after  half  an  hour  to  determine  the  basis  of 
1  oaction.  Lard  oil  solidifies  pretty  quickly  w^hen  treated  by  the  acid  he  employed  ; 
cotton-seed  oil  does  not  for  several  hours. 

He  does  not  know  of  any  writer  who  has  stated  that  cotton-seed  oil  can  not  be  de- 
tected when  it  is  present  in  less  proportion  than  5  to  10  per  cent.;  he  has  that  informa- 
tion from  personal  conversation  with  others.  His  method  of  analyzing  lard  is  not  one 
published  in  the  books,  as  far  as  he  knows ;  he  adopts  it  mainly  as  the  result  of  put- 
ting this  and  that  together.  He  is  not  willing  to  take  ten  samples  of  lard  prepared 
by  a  competent  and  reliable  expert,  whose  certificate  as  to  what  they  contain  shall 
l)e  placed  in  the  handsof  the  president  of  the  Board  of  Trade  and  stake  his  reputation 
on  being  able  to  tell  which  are  adulterated  and  which  pure,  using  in  the  analysis 
the  methods  he  has  employed  in  testing  the  samples  in  respect  to  which  he  has  been 
testifying,  because  a  mixture  can  be  made  with  fats  or  some  foreign  oil  which  he 
has  not  sufficiently  studied  to  bo  able  to  certainly  detect  such  substances  ;  his  exami- 
nations hav^e  been  with  reference  to  detecting  substances  which  are  most  likely  to 
be  used  for  the  purpose  of  adulterations,  such  as  tallow  and  some  other  substances. 
In  the  case  of  a  mixture  of  equal  proportions  of  pure  lard  with  a  lard  from  which, 
say,half  of  the  lard  oil  has  been  expressed,  leaving  the  mixture  deficient  in  lard  oil 
to  the  extent  of  25  per  cent.,  that  mixture  would  be  found  to  contain  more  stearine 
than  pure  lard. 

EVIDENCE   OF   WILLIAM   HOSKIXS.* 

Chicago,  June  5,  1683. 
This  certifies  that  I  have  analyzed  a  sample  of  lard  received  from  Mr.  C.  H.  S.  Mixer, 
marked  No.  3,  and  find  that  it  is  adulterated  with  at  least  20  per  cent,  of  beef  stea- 
rine or  its  equivalent  of  tallow  ;  and  further,  I  find  evidences  of  the  presence  of  cot- 
tonseed oil,  or  one  of  its  derivatives. 

G.  A.  Mariner. 
Per  HOSKINS. 


Op.  cit.,pp.  147,  148. 
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Chicago,  Jane  1,  18S3. 
Tliis  certifies  that  I  liave  analyzed  two  samples  of  lard,  marked  respectively  No.  1 
aud  No.  2,  received  from  Mr.  Miser  on  May  30.  18S3.  and  find  that  both  are  adulterated 

with  beef  stearine  or  its  equivalent  amount  of  tallow  to  the  extent  of  at  least  20  per 
cent. 

G.  A.  Mariner. 
Per  FIosKiNS. 

One  of  his  methods  was  by  taking  equal  proportions  of  alcohol  aud  ether,  and  into 
that  mixture  putting  a  certain  amount  of  pure  lard,  and  also  an  equal  weight  of  the 
samples  to  be  tested.  The  lards  were  warmed,  and  were  then  poured  into  the  vessels 
containing  the  mixture  under  exactly  the  same  conditions.  After  sometime  more  or 
less  of  the  stearine  separated.  In  pure  lard,  treated  in  the  way  he  htis  described,  the 
separated  substance,  which  is  chiefly  stearine,  rarely  exceeds  1  per  cent.  One  of  the 
samples  given  him  by  Mr.  Mixer  gave  less  than  4  per  cent. :  one  gave  over  5  per  cent. 
Another  process,  known  as  Blythe's  pattern  process,  is  to  take  a  piece  of  glass,  chem- 
ically cleaned,  and  having  a  thin  film  of  water  on  it.  On  this  is  dropped  a  drop  of 
the  melted  substance.  In  the  case  of  lard  one  pattern  is  produced,  in  the  case  of  tal- 
low a  different  pattern,  and  in  the  case  of  the  mixture  of  the  two  a  still  different  and 
intermediate  pattern  is  produced.  He  regards  this  as  an  absolute  test  and  one  easily 
applied.  Another  test  used  is  to  -ascertain  the  difference  in  time  taken  in  saponifying 
samples.  Tallow  takes  much  less  time  to  saponify  than  lard  does,  under  proper  and 
the  same  conditions.  This  process  gives  quite  accurate  resulis.  These  are  the  chief 
tests  he  depended  upon  in  his  chemical  examinations  of  the  samples  now  in  question. 
The  processes  he  has  described  are  recognized  by  authorities,  and  have  all  been  pub- 
lished as  authority.  He  has  during  the  past  two  winters  had  considerable  experience 
in  examinations  as  to  the  adulteration  of  butter,  and  has  studied  the  subject  of  fats 
to  a  considerable  extent.  He  considers  the  results  of  his  examination  of  the  samples 
given  him  by  Mr.  Mixer  as  conclusive  in  respect  to  their  quality ;  there  is  no  possibil- 
ity of  a  doubt  as  to  the  correctness  of  his  conclusions  in  respect  to  them.  In  regard 
to  the  presence  of  foreign  oil  in  lard  there  is  an  absolute  test,  known  as  the  elaidine 
test.  It  especially  applies  to  drying  oils.  Nitrous  oxide  is  made  by  heating  mercury 
with  nitric  acid.  In  treating  non-drying  oils  with  it. the  point  noted  is  the  fat  which 
is  solid.  It  makes  no  such  combination  with  drying  oils,  and  when  the3^  are  in  large 
quantity  they  separate  and  come  to  the  top  and  can  be  seen  as  liquid.  In  other  cases 
they  form  more  or  less  of  a  semi-solid  ;  he  thinks  almost  anybody  could  see  the  differ- 
ence when  pointed  out,  although  it  requires  considerable  experience  in  the  use  of  the 
microscope  to  be  able  to  detect  these  differences  unaided.  All  his  examinations  were 
carried  on  parallel  with  examinations  of  samples  of  pure  lard  rendered  by  himself,  at 
least  a  part  of  which  was  leaf  lard.  Hs  thinks  there  may  be  a  little  difference  between 
the  proportions  of  stearine  in  leaf  lard  and  fat  taken  from  the  sides  of  the  hog.  It  is, 
however,  but  slight.  After  all  his  examinations  of  the  samples  in  question  in  this  case, 
it  is  his  absolute  conclusion  that  the  lard  is  adulterated  to  the  extent  of  "20  per  cent,  of 
foreign  material.  He  calculates  the  percentage  of  adulteration  from  the  basis  that,  as 
pure  lard  never  contains  more  than  1  per  cent,  of  jiure  stearine,  and  that  tallow  con-  - 
tains  about  9  per  cent.,  therefore,  as  these  samples  contained  none  less  than  4  per  cent., 
there  must  have  been"  added  to  the  lard  beef  tallow,  or  some  of  its  derivatives,  suffi- 
cient to  account  for  the  3  per  cent,  of  excess,  and  as  three  nines  are  twenty-seven,  ho 
concludes  there  was  over  20  per  cent,  of  adulteration  in  the  samples.  The  test  of 
adulteration  is  by  the  amount  of  pure  stearine  found  in  the  sample. 

EXACT   METHOD    OF    AXALY.Sl.S.* 

A  portion  of  the  fat  was  warmed  and  mixed  with  about  ten  times  its  weight  of  a 
mixture  of  equal  parts  of  ab.solnte  alcohol  and  ether.     After  allowing  it  to  stand 

about  twenty-four  hours  the  residue  was  filtered  ;ind  weighed. 
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A  plate  of  cliemically  cleau  ghiss  was  covered  \vitb  a  lihu  of  water,  a  drop  of  liie 
melted  fat  was  dropped  iipou  the  plate,  and  the  patterns  noted. 

A  i^ortion  of  the  fat  was  saponified  with  an  equal  M-eightof  sodic  hydrate  dissolved 
in  water,  and  the  time  occupied  in  saponifying  noted. 

A  portion  of  the  fat  was  treated  with  a  solution  of  hypouitric  acid  and  sulphuric 
acid,  and  the  time  necessary  for  the  soliftiticatiou  of  the  elaidine  noted. 

In  all  the  above  parallel  experiments  were  made  under  exactly  the  same  circum- 
stances in  every  respect. 

W.   HOSKIXS. 

Tbe  above  methods  rests  chiefly  on  the  percentage  of  iusolnble  residue 
after  treating  the  fat  with  a  mixture  of  ether  and  alcohol  as  described. 

METHOD    OF   J.   M.    HIRSII.* 

I  melt  the  sample  and  dissolve  it  in  purified  naphtha,  leaving  it  there  at  rest  at 
a  temperature  of  about  70^^  F.  for  twelve  hours,  when  added  stearine  or  tallow 
will  deposit,  while  i)ure  lard  will  show  no  dej)osit,  or  barely  a  trace.  The  amount  of 
the  deposit  increases  considerably  in  the  next  twelve  hours  in  a  mixture  with  stea- 
rine, but  little  in  pure  lard.  The  test  being  made  in  a  graduated  tube,  the  propor- 
tions can  be  read  off  without  possible  error  by  washing,  weighing,  or  measuring. 
After  the  time  mentioned  the  solids  of  the  lard  deposit.  The  remaining  solution  I 
treat  with  nitric  acid,  which  renders  crystalline  the  animal  oil  (producing  elaidine), 
but  leaves  the  cotton-seed  oil  a  colored  liquid. 

As  a  rule  the  melted  sample  has  minute  fibers  of  cotton  floating  when  it  is  contam- 
inated with  cotton-seed  oil ;  this  test  is  simple  and  infallible;  for  this  reason  I  omit 
to  mention  other  corroborative  tests. 

J.   M.    HiRSH. 

FURTHER   RE:MARKS   BY  J.    M.    HIRSH.  t 

Lard  will  give  a  reaction  of  elaidine  as  well  as  cotton-seed  oil,  but  a  time  amply 
sufficient  to  make  elaidine  from  lard  or  any  animal  oil  must  be  greatly  exceeded  to 
get  the  same  result  from  cotton-seed  oil.  If  linsed  oil  or  cotton-seed  oil,  or  the  two 
mixed,  are  boiled  for  five  minutes  with  a  fume  of  nitric  acid,  there  will  be  no  ap- 
parent change  except  that  they  become  colorless;  thej'  will  have  to  boil  an  hour  or 
two  before  separation  takes  place ;  in  half  an  hour  or  so  they  would  become  a  siYid, 
like  stearine.  Animal  oils  treated  in  the  same  manner  will  be  solidified  and  con- 
verted into  elaidine  in  five  minutes.  In  applying  the  elaidine  test  he  first  took  all 
the  crystals  out  of  the  solution,  then  drew  oft'  from  the  tube  all  the  oleiu  and  the 
benzine,  put  the  nitric  acid  into  that  liquid,  and  heated  it ;  the  benzine  evaporated 
quickly  ;  the  heating  was  continued  for  a  few  minutes  longer,  and  then  it  was  allowed 
to  cool;  the  crystallized  deposit  of  elaidine  he  considered  as  from  animal  oils,  and 
what  was  left,  after  withdrawing  the  liquid,  he  considered  was  from  an  admixture  of 
some  other  oil.  In  a  lard  rendered  at  a  high  pressure  of  steam  there  would  bo  a 
greater  amount  of  stearine  than  in  one  rendered  at  a  low  pressure,  the  original  ma- 
terial being  the  same.  If  lard  is  rendered  and  run  into  a  large  reservoir  holding,  say^ 
250  tierces,  and  there  allowed  eo  stand  for  a  time,  the  lard  from  the  bottom  of  that 
reservoir  would  contain  a  greater  amount  of  stearine  than  would  that  drawn  from 
the  top.  There  would  be  a  great  deal  of  difterence.  The  heaviest  lard  would  settle 
in  the  reservoir.  The  difterence  in  the  stearine  would  not  be  more  than,  if  so  much 
as,  2  to  4  per  cent,  of  chemically  pure  stearine.  A  good  deal  would  depend  on  the 
depth  of  the  tank  or  reservoir  and  on  the  temperature  maintained  in  the  lard.  11^^ 
thinks  in  lard  drawn  from  the  top  or  bottom  of  such  a  reservoir  there  would  not 
be  as  much  difterence  in  the  stearine  as  he  has  found  in  the  lard  delivered  him  by 
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Professor  Delafoulaiue  over  wbat  pare  lard  sliould  coiitaiu.  There  is  some  difference 
in  lard  on  accouDt  of  the  season  at  which  the  hogs  are  kiUed,  and  on  account  of  the 
age,  feed,  and  other  conditions  of  the  animals  from  which  the  lard  is  made, 

METHOD   OF   PROF.    C.  B,   GIBSON.* 

Five  cuhic  centimeters  of  the  molten  sotpiple,  at  a  temperature  of  90*^  to  100" 
C  ,  were  dissolved  into  45cc  of  half  solution  of  absolute  alcohol  and  ether;  this 
mixture  was  allowed  to  stand  eight  hours,  at  a  temperature  of  5"^  to  10-  C,  and 
the  stearine  allowed  to  crystallize  out;  the  supernatant  liquid  was  then  poured  off 
and  25cc  of  the  fresh  solution  added  to  dissolve  any  remaining  olein  and  palmitin, 
and  allowed  to  stand  twelve  hours  at  5°  to  10^  C.  The  liquid  was  then  tiltered  oft' 
and  the  residue  collected  on  a  tared  filter  j  this  was  washed  until  no  more  fat  glob- 
ules were  deposited  on  evaporating  a  drop  of  the  washings  (alcohol  and  ether  solu- 
tiou);  the  filter  and  contents  were  then  dried  at  a  temperature  of  30®  to  40<^  C,  aud 
by  means  of  desiccator,  weighed  aud  the  result  calculated.  All  samples  were  treated 
at  the  same  time  and  under  the  same  conditions.  In  the  test  for  cottonseed  oil,  I 
submitted  9cc  of  the  molten  lard  to  the  action  of  sulphuric  acid,  saturated  with 
nitrous  and  nitric  anhydride,  7cc  ;  the  test  Irept  at  a  temperature  of  5^  C,  until  soli- 
dification took  place,  which,  in  the  case  of  the  presence  of  cottou-seed  oil,  is  produced 
only  after  long  time ;  from  these  results  I  drew  my  conclusions.  All  samples  were 
tested  at  same  time  aud  under  same  conditions. 

C.  B.  GiBsox. 

REMARKS   BY   PROF.    C.    B,    GlBSOX.t 

He  took  the  two  samples  tliat  he  received  from  Professor  Delafoutaine,  a  sample  he 
prepared  himself,  and  a  sample  he  procured  in  the  market,  said  to  be  absolutely  pure 
lard,  and  treated  them  all  by  the  methods  he  has  described  in  his  written  statement ; 
all  the  samples  were  treated  in  corked  tubes  ;  the  samples  all  produced  different  re- 
sults, some  considerably  different,  and  in  the  two  samples  he  rendered  himself  there  was 
a  slight  variation;  he  tested  the  process  by  comparison  with  the  pure  laril  he  had 
rendered  ;  he  did  not  make  up  any  sam^iles  of  mixtures ;  in  rendering  the  pure  lard 
for  standard  samples  he  cut  the  fat  very  fine  and  put  it  into  a  large  porcelain  dish, 
and  adding  water,  boiled  it  from  forty-five  minutes  to  an  hour ;  then  he  squeezed  out 
a  portion  of  the  fat,  aud  subjected  the  residue  to  a  little  greater  heat  and  extracted 
all  the  fat  he  could  jiossibly  get  out  by  any  ordinary  squeezing  method;  the  lard  then 
contained  some  water,  which  he  removed  as  far  as  he  could  by  decanting;  theu 
heated  the  lard  over  a  sand-bath,  being  careful  not  to  heat  it  so  much  as  to  burn  it ; 
but  he  certainly  had  it  at  a  sufiQciently  high  temperature  to  hold  the  greater  part  of 
the  stearine  in  a  molten  state,  and  pass  it  through  the  filter. 

It  would  probably  depend  a  little  on  circumstances  which  of  two  samples  of  lard,  one 
rendered  at  a  low  pressure  aud  the  other  at  a  high  pressure,  would  contain  the  most 
stearine  ;  speaking  casually  he  should  say  the  one  rendered  at  a  high  pressure  would 
contain  the  most ;  he  means  by  high  or  low  pressure,  a  greater  or  less  pressure  in 
squeezing  out  the  lard  as  is  ordinarily  done  in  a  small  way;  he  should  tliink  there 
might  be  a  tolerable  variation  in  the  quantity  of  lard  stearine  from  this  cause,  but 
'*f  the  pure  stearine  there  ought  not  to  be  such  a  remarkable  diff"erence.  It  depends 
entirely  upon  when  the  lard  is  produced,  when  the  hog  is  raised,  when  killed,  what 
fed  upon,  and  perhaps  other  conditions,  as  to  how  much  stearine  there  may  be  in 
lard;  authorities  differ  on  the  subject;  some  claim  there  is  as  high  as  33  per  cent., 
others  less,  of  lard  stearine  :  as  far  as  he  has  beeu  able  to  learn,  lard  stearine  varies 
from  30  to  40  per  cent.,  and  pure  or  chemically  pure  stearine  from  less  than  1  per 
cent  to  about  3  or  3^  per  cent,  depending  upon  the  conditions  he  has  referred  to ;  his 
personal  examinations  have  shown  a  variation  of  from  a  little  under  1  per  cent,  up  to 
about  2\  per  cent.     He  should  think,  the  better  the  hog  is,  the  better  would  be  the 
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fat  from  it,  and  probably  the  richer  the  fat  in  steariiie,  and  this  wouhl  apply  to  the 
lard  rendered  from  a  large  number  of  hogs  of  average  hue  qiialil^',  as  compared  with 
ihe  lard  rendered  from  a  large  number  of  average  inferior  quality;  samples  drawn 
from  different  i)arts  of  a  large  tank  holding  250  ierces  might  vary  a  little,  depending 
upon  whether  the  lard  put  into  it  was  thoroughly  mixed,  at  what  temperature  or  how 
last  it  had  been  cooled,  and  other  conditions. 

TESTIMONY   OF    C.    GILBERT  WHEELER.* 

In  treating  the  lard  the  particular  process  upon  which  he  relies — although  he  used 
others,  some  of  which  pointed  to  the  same  conclusions  and  others  to  no  special  result — 
is  based  upon  the  insolubility  of  pure  stearic  acid  in  a  mixture  of  absolute  alcohol 
and  ether.  In  treating  by  that  method  he  takes  a  given  amount  of  lard  aud  nine  times 
as  much  of  a  mixture,  composed  of  equal  parts  of  absolute  alcohol  and  ether,  places 
them  in  a  closed  vessel,  with  a  graduated  scale  upon  it,  agitates,  aud  exposes  to  alow 
temperature,  the  agitation  being  repeated  a  few  times ;  then,  after  standing  for  about 
twelve  hours,  the  supernatant  liquid  is  poured  off  and  as  much  more  of  a  fresh  sup- 
ply is  added,  and  again  shaken  ;  after  standing  again  for  about  twelve  hours  the 
-liquid  is  entirely  poured  oft',  the  residue  collected,  dried  and  weighed,  and  its  amount 
compared  with  that  obtained  in  the  same  w^ay  from  both  pure  lard  and  impure  lard. 
Pure  lard  should  give  a  certain  per  cent,  of  residue,  impure  lard  gives  more  ;  the  res- 
idue so  obtained  is  pure  stearine.  In  the  case  of  pure  lard  rendered  by  himself  for  a 
standard  of  comparison  in  his  investigations  of  the  samples  in  question,  the  amount 
of  residue  obtained  was  nine-tenths  of  1  per  cent.  In  the  samx^les  he  was  to  examine. 
No.  1  gave  3.C  per  cent.,  No,  2  gave  3.29  per  cent.,  No.  3,  gave  2.75  per  cent.  The  proc- 
ess was  conducted  at  a  temperature  of  about  75  degrees  Fahrenheit;  the  amounts  of 
I.ird  taken  were,  for  the  pure  lard,  10  grams ;  of  sample  No.  1,  10  grams  ;  No.  2,  5  grams, 
and  No.  3,  5  grams. 

The  evidence  of  which  an  abstract  has  been  given  was  on  the  side  of 
the  prosecution  aud  the  charge  of  adulteration  appears  to  be  well 
founded  in  the  light  of  the  evidence  given.  Following  is  a  brief  ab- 
stract of  the  chemical  evidence  introduced  by  the  defense: 

TESTIMONY   OF   DR.    ROBERT   TILLEY.t 

Dr.  Tilley  made  a  microscopical  examination  of  the  samples  in  life  and  gave  the  fol- 
lowing certificate: 

Chicago,  June  29,  1883. 
This  is  to  certify  that  on  the  9th  day  of  June,  1883,  I  received  from  Prof.  W.  S. 
Haines  samples  of  lard  labeled,  respectively,  No.  1  Fowler,  No.  2  Fowler,  No.  3  Fowler; 
that  I  have  examined  the  same  microscopically,  and  that  I  can  liud  no  evidence  of 
adulteration ;  aud  consequently,  in  the  absence  of  such  evidence,  I  believe  said  samples 
to  be  pure  lard. 

Robert  Tilley,  M.  D. 

Dr.  Tilley  added  the  following  explanatory  remarks :  f 

He  has  examined  fats  when  crystallized  in  the  manner  described  by  Mr.  Hoskius; 
he  has  never  had  a  sample  of  pure  palmitiuo  to  examine,  and  therefore  can  not  say 
whether  there  is  any  difference  between  the  crystals  of  it  aud  the  crystals  of  stearine; 
he  can  not  say  whether  the  appearance  of  the  crystals,  in  the  methods  used  by  him- 
self, dei)ends  upon  the  relative  proportions  of  stearine  and  palmitine,  because  he  does 
not  know  of  any  means,  apart  from  temperature  and  pressure,  of  thoroughly  isolat- 
ing palmitine  and  he  has  never  done  it;  he  is  of  the  opinion  that  the  greater  part  of 
the  solid  fat  of  either  the  beef  or  the  hog  is  stearine,  and  not  i>almitine ;  the  coitstit- 
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neiit  parts  of  lard  arc  oleiue,  palmitiue  aud  atearme;  the  ci'ystals  ofsteariue  seem  to 
be  moditied  accordiug  as  the  substaoco  is  mixed  witli  beef  stearine,  or  hog  stearine; 
his  answers  are  in  part  from  the  books  aud  in  part  from  hia  own  experience ;  he  has 
never  had  the  opportunity  of  observing  any  modifications  in  the  crystals  by  an  in- 
crease or  diminution  of  the  palmitine  in  a  specimen,  and  consequently  can  not  say 
whether  or  not  the  crystals  would  be  modified  as  stearine  or  palmitine  predominated. 
In  applying  the  method  of  microscopical  examination  to  lard,  described  by  Mr.  Hos- 
kins,  he  takes  a  microscopical  slide  and  cleans  it,  chemically,  then  puts  on  the  slide  a 
small  quantity  of  the  specimen  to  be  examined,  puts  it  in  a  water-bath,  at  the  tem- 
perature of  boiling  water,  covers  it  with  a  covering  glass  and  allows  it  to  cool  as 
slowly  as  possible;  he  has  made  a  number  of  experiments  of  this  kind,  sufficient  to 
satisfy  him  that  he  could  find  no  distinction.  The  method  he  used,  and  upon  which 
his  conclusions  as  to  the  lard  in  question  in  this  case  are  based,  was  as  follows  :  He 
dissolved  the  specimens  in  sulphuric  ether,  allowed  the  ether  to  partially  aud  slowly 
evaporate  and  crystals  to  deposit,  then  decanted  the  remainder  of  the  ether,  washed 
with  ether  and  decanted  again,  then  treated  with  absolute  alcohol ;  after  which  the 

crystals  were  examined  under  the  microscope. 

*  *  #  *  #  *  *  . 

Commercial  stearine  may  or  may  not  include  palmitine,  according  as  heat  and 
pressure  are  used  in  the  separation ;  he  thinks  he  understands  the  manufacture  of 
commercial  stearine;  it  would  depend  upon  the  temperature  to  wliich  it  is  subjected 
whether  it  would  contain  all  the  original  parts  of  the  fat,  except  what  oleine  may 
have  been  pressed  out;  palmitine  is  said  to  liquify  at  a  temperature  of  45°  C. 
consequently  if  the  fat  material  is  subjected,  at  that  temi)erature,  to  a  pressure 
similar  to  that  used  for  extracting  the  oleine,  the  palmitine  would  also  be  forced 
out ;  lie  does  not  know,  as  commercial  stearine  is  usually  made,  that  it  is  ever 
subjected  to  a  temperature  higli  enough  to  press  out  the  palmitine,  but  he  has  seen 
it  subjected  to  a  temperature  in  the  manufacture  of  candles — obtaining  stearic 
acid — when  it  certainly  would  bo  pressed  out ;  as  to  whether  the  crystals  produced 
from  commercial  stearine  would  be  the  same  as  those  produced  from  what  has  been 
called  by  other  witnesses  chemical  stearine,  he  can  only  say  that  he  is  not  acquainted 
with  the  peculiar  characteristic  features  of  palmitic  crystals;  the  size  and  genera; 
character  of  the  crystals  depends  on  the  temperature  and  slowness  of  evaj^oration ; 
there  is  a  difference  between  the  crystals  of  pure  stearine  from  lard  and  that  from 
tallow;  he  states  this  upon  the  theory  that  the  stearine  he  has  obtained  was  pare 
stearine,  but  inasmuch  as  he  is  not  sure  that  the  stearine  ho  obtained  did  not  con- 
tain a  mixture  of  palmitine,  he  desires  to  make  that  qualification.  As  between  the 
ciystals  obtained  by  his  process  and  those  that  caused  the  so  called  grain  of  the  lard, 
he  could  not,  chemic«,lly,  see  anj'-  distinction  whatever ;  microscopically  this  grain 
seems  to  be  the  crystal,  in  a  form  very  much  resembling  an  ordinary  roadside  bur,  when 
examined  under  the  microscope,  but  the  details  are  so  ill-defined  that  it  is  simply  im- 
possible to  make  any  differentiation  ;  the  crystal  itself  would  be  a  solution,  if  melted. 
Ho  does  not  think  crystals  obtained  from  lard  itself,  without  extracting  the  oleine, 
would  be  as  valuable  as  those  from  the  stearine,  because  it  is  acknowledged  that 
that  there  is  at  least  GO  per  cent,  of  oleine  in  the  lard,  and  that  60  per  cent,  of  extra- 
neous matter  would,  he  thinks,  necessarily  render  the  crystals  more  difficult  to  dif- 
ferentiate than  if  crystallized  from  the  stearine  alone  ;  probably  the  crystals  which 
characterize  the  grain  of  the  lard  are  the  same  as  those  obtained  by  the  method  de- 
scribed by  Mr.  Hoskins  ;  they  might  be  the  same  thing,  but  yet  so  modified  by  the 
influence  of  the  oleine,  that  the  peculiarities  of  the  crystals  would  be  less  prominent ; 
they  would  bo  more  or  less  stunted,  or  their  development  favored.  As  to  whether  or 
not  the  method  requiring  the  least  manipulation  would  be  likely  to  give  the  best  re- 
sults would  depend  entirely  upon  the  advantages  gained  by  the  manipulation,  and 
the  care  Avith  which  it  is  done.  In  transferring  the  crystals  to  the  microscope,  he 
takes  a  small  glass  tube — a  pipette — cutting  off  for  each  observation,  with  a  file,  the 
piece  used  in  the  previous  case,  so  that  it  is  perfectly  clean  as  it  goes  into  the  liquid; 
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it  is  difficult  to  get  tbe  crystals  uudcr  the  microscope  in  perfect  form  ;  but  he  thinks 
the  Board  will  have  au  opportimity  to  see  how^  perfectly  tliey  cau  be  gotteu  out,  by 
au  exhibition  of  photographs  of  those  they  have  used  for  this  examination;  it  is  nec- 
essary that  the  crystals  be  washed  in  order  to  obtain  a  plain,  clear-cut  specimen. 

CERTIFICATE   OF   MICKOSCOriC   EXAMIXATIOX  BY  DR.    W.    T.   BELFIELD,* 

Chicago,  Jane  29,  1883. 

On  June  12,  1883,  I  received  from  Prof.  ^y.  S.  Haines  three  samples  marked  "Fow- 
ler 1,"  ''  Fowler  2,"'  "  Fowler  3,"  respectively.  I  have  submitted  these  samples  to  mi- 
croscopical examination  for  the  purpose  of  detecting  the  presence  of  beef  tallow.  Bj' 
either  one  of  two  methods  I  have  satistied  myself  of  my  ability  to  detect  the  pres- 
ence of  beef  tallow  in  lard,  whenever  the  admixture  contains  10  per  cent,  or  more, 
by  weight,  of  the  tallow. 

By  neither  of  these  methods  did  I  detect  the  presence  of  tallow  in  the  samples  above 
mentioned  ;  I  am  therefore  convinced  that  these  samples  do  not  contain  an  amount  of 
tallow  equal  to  10  per  cent,  of  the  weight. 

I  have  as  yet  no  knowledge  of  any  methods  of  microscopical  examination  whereby 
I  can  detect  an  admixture  of  less  than  10  percent,  of  tallow  with  certainty,  but  I  have 
never  obtained  in  the  samples  above  mentioned  any  appearances  other  than  those 
which  may  be  presented  by  pure  lard. 

William  T.  Belfield. 

Dr.  Belfield  farther  says :  t 

He  is  not  familiar  with  the  manner  of  manufacturing  prime  steam  lard  ;  he  sup- 
poses the  tanks  are  covered  during  the  process  of  rendering  and  that  when  put  into 
tierces  it  is  covered.  If  he  found  in  a  sample  of  lard  that  had  been  kept  covered  an 
excess  of  cotton  fibers  of  special  characteristics  he  should  not  draw  any  inference  as 
to  how  they  came  to  be  there ;  if  lard  in  which  cotton  fibers  were  found  was  chem- 
ically tested  for  the  determination  of  the  presence  of  cotton  seed  oil,  and  the  chemical 
test  was  supposed  to  detect  it,  he  would  not  be  inclined  to  attach  any  more  value  to 
the  chemical  test  on  account  of  finding  individual  cotton  fibers  in  the  lard  by  a  mi- 
croscopical examination.  He  does  not  wish  to  be  understood  as  saying  no  one  can 
detect  cottonseed  oil  in  lard  by  microscopical  examination  ;  he  meant  to  say  he  could 
not  do  it.  Ho  has  not  examined  the  crystals  from  isolated  stearine  or  isolated  palmi- 
tine.  In  crystallizing  stearine  and  palrnitiue,  in  the  manner  described  by  Mr.  Hos- 
kins,  he  should  think  the  appearance  of  the  crystals  would  depend  on  the  relative 
proportions  of  each,  but  as  he  has  never  worked  isolated  palmitine  he  can  not  say 
certainly.  In  the  method  he  uses  the  appearance  of  tbe  crystals  does  not  depend  on 
the  relative  proportions  of  the  stearine  and  palmitine  in  the  mixture  on  which  he 
operates ;  there  is  said  to  be  a  difterence  between  the  crystals  of  stearine  and  palmi- 
tine. He  ordinarily  transfers  crystals  from  the  liquid  to  the  microscopic  slide  by 
means  of  a  clean  pipette;  it  can  be  done,  and  he  has  done  it,  by  means  of  a  clean 
knife  blade,  or  something  of  that  sort.  The  objection  to  Mr.  Hoskins's  method  is  that 
the  characteristic  crystals  of  lard  and  tallow  are  not  formed  by  it ;  there  is  so  much 
granular  matter  that  it  gives  crystals  so  nearly  alike  that  he  can  not  differentiate 
between  those  of  lard  and  of  tallow;  a  iirinciple  to  be  worth  anything,  in  matters  of 
this  kind,  must  detect  minute  adulterations.  The  question  of  discovering  adultera- 
tion in  lard  by  microscopical  examinations  is  a  new  one,  at  least  it  is  so  to  him.  New 
discoveries  of  facts  by  microscopy,  which  may  be  subsequently  well  established,  are 
sometimes  questioned  even  by  experienced  microscopists,  if  they  fail  to  follow  the 
methods  and  directions  of  the  discoverer,  as  has  been  the  case  in  some  notable  in- 
stances. These  persons  may  attempt  to  follow  the  discoverer,  but,  doing  so  imper- 
fectly, fiiil  to  secure  the  expected  results.  This  fact,  however,  does  not  apply  to  his 
judgment  on  the  method  pursued  by  Mr.  Hoskius,  because  he  followed  Mr.  Hoskins's 
method  as  he  described  it. 
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CERTIFICATE    OF    PKOF.  rLYMiMON    S.  HAYES.'' 

Chicago,  Jiuw  29, 1883. 
On  the  9tli  day  of  June,  1883,  I  received  three  samx^les  of  lard  from  Prof.  W.  S. 
Haines,  marked, respectively  ''No.  1  Fowler,"  ''No.  2  Fowler,"  and  "  No.  3  Fowler." 
These  samples  of  lard  I  examined  microscopically,  after  having  crystallized  the  stear- 
ine  found  in  the  samples  from  solution,  and  was  not  able  to  detect  any  beef  stearine 
whatever. 

PLY3IM0N  S.  Hayes. 

Professor  Hayes  adds  the  following  observations :  t 

He  has  examined  crystals  which  he  obtained  by  dissolving  the  stearine  of  beef 
tallow,  of  mutton  tallow,  and  of  lard — three  samples  in  absolute  alcohol;  the  sub- 
stances were  dissolved  and  crystallized,  redissolved — and  recrystallized,  and  linally 
the  alcohol  was  evaporated  off;  he  considered  those  the  crystals  of  i^ure  stearine  ;  he 
has  never  examined  the  crystals  of  pure  x^almitine  to  his  knowledge ;  he  does  not 
know  what,  if  any,  difference  there  may  be  between  the  crystals  from  pure  stearine 
and  i^ure  palmitine;  he  does  not  think  the  appearance  of  the  crystals  obtained  by 
himself  depend  entirely  upon  the  relative  proportions  of  stearine  and  palmitin  in 
the  specimens;  the  crystals  from  a  fat,  consisting  of  oleine,  stearine,  and  palmitine, 
which  has  been  warmed  and  then  slowly  cooled,  would  be  those  of  stearine  and  pal- 
mitine, probably  more  or  less  modified,  as  one  or  the  other  was  in  excess,  and  also 
by  the  presence  of  the  oleine.  Molten  lard  is  a  solution  of  oleine,  stearine,  and  pal- 
mitine. When  this  is  allowed  to  cool  slowly  and  crystallize  the  crystals  are  value- 
less, for  the  reason  that  they  give  no  distinctive  difference  when  examined  plainly 
or  by  means  of  the  polariscope.  He  has  examined  crystals  in  the  manner  de- 
scribed by  Mr.  Iloskins  ;  he  will  not  say  Mr.  Hoskins's  method  is  wrong,  either  in  prin- 
ciple or  in  application,  but  it  does  not  produce  results  that  are  plainly  marked.  He 
pursued  that  process  for  over  two  weeks  before  he  abandoned  it  as  useless.  In  his 
examinations  by  that  method  he  took  the  sample  to  be  examined  and  put  it  on  a 
microscopic  slide,  put  a  cover-glass  ovier  it,  and  applied  heat  until  it  was  thoroughly 
melted,  and  then  set  it  aside  to  cool ;  sometimes  he  allowed  it  to  cool  very  slowly,  and 
sometimes  he  cooled  it  by  means  of  a  cooling  apparatus;  in  neither  case  did  he  get 
satisfactory  crystals;  he  never  tried  cooling  it  by  means  of  a  hot  iron  allowed  to 
cool  slowly  with  the  lard. 

certificate   of   dr.    I.    X.   DANFORTH.t 

Chicago,  June  29,  1883. 
I  hereby  certify  that  on  the  8fn  day  of  June,  1883,  I  received  from  the  hands  of 
Prof.  Walter  S.  Haines,  of  Chicago,  three  specimens  of  lard,  numbered  1,  2,  and  3,  re- 
spectively, and  said  to  have  been  manufactured  by  the  "Anglo-American  Packing 
and  Provision  Company,"  of  Chicago;  that  I  was  requested  by  said  Haines  to  ex- 
amine said  specimens  microscopically,  and  state  my  opinion  as  to  their  purity  or  im- 
purity ;  that  I  have  examined  said  specimens  as  thoroughly  and  carefully  as  the  time 
allowed  would  permit,  and  am  of  opinion  that  they  are  composed  entirely  of  the  fat  of 
the  hog. 

Isaac  N.  Daxforth. 

Dr.  Danforth  iu  explanation  said  :  § 

He  has  examined  the  crystals  of  pure  stearine  ;  he  procured  the  first  specimen  from 
Professor  Haines,  and  afterwards  prepared  specimens  by  methods  used  by  chemists; 
ho  has  not  examined  the  crystals  of  pure  palmitine  ;  he  does  not  understand  that  any 

*  Op.  cit.,  p.  179.  i  Op.  cit.,  p.  182. 

t  Op.  cit.,  pp.  179, 1?0,  ^  Op.  oil.,  p.  184. 
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method  lias  been  devised  for  absolutely  isolating  palinitiue,  and  be  does  not  liuow 
wbetber  or  not  tbere  is  any  diiference  between  the  ciystals  of  pare  steariiie  and  those 
of  j)uro  palmitine ;  be  can  not  say  wbetber  tbe  crystals  procured  by  bim  depend  on 
the  relative  proportions  of  stearino  and  palmitine  iu  tbe  substance  from  wbicb  tbey 
are  procured  ;  wbile  be  does  not  claim  to  speak  as  authority  on  chemical  subjects,  bo 
tbinks  tbe  substance  from  which  these  crystals  were  obtained  was  particularly  pure 
stearine  ;  he  can  not  positively  say  W'hether  the  crystals  obtained  from  a  fat  consist- 
ing of  oleine,  stearine,  and  palmitine  would  be  those  of  stearine  and  palmitine  more 
or  less  modified  as  one  or  the  other  was  in  excess  ;  be  tbinks  the  x^resence  of  the  oleine 
■would  modify  the  crystals  somewhat,  but  to  what  extent  he  is  not  able  to  say. 

METUODS  FOLLOWED  IN  MAKING    MICROSCOPIC   INVESTIGATION  BY  MESSRS.    TILLEY, 
BELFIELD,   DANFORTH,    HAYES,    AND   ROSE.* 

Dr.  Tilley's  formula.— For  the  production  of  the  crystals  of  stearine,  whether  from 
beef  or  bog  products,  I  dissolve  the  fat  in  question  in  sulphuric  ether,  10  grains  in 
2  drachms;  allow  tbe  ether  to  partially  and  slowly  evaporate,  and  consequently 
crystals  to  deposit;  decant  the  ether  remaining,  wash  with  ether,  decant  again  and 
treat  with  absolute  alcohol,  then  examine  tbe  crystals  under  microscope. — Robert 
Tilley,  M.  D. 

Dr.  Belfield's  formula. — Ten  grains  of  tbe  fat  are  dissolved  in  Squibb's  ether;  tbe 
quantity  of  the  latter  may  be  1  drachm  or  2  drachms,  or  instead  of  the  ether,  a 
mixture  of  this  substance  with  absolute  alcohol  in  equal  parts  may  be  employed  as  a 
solvent.  Tbe  solution  is  allowed  to  stand  in  a  test  tube  uncorked  for  twenty-four 
hours,  at  ordinary  temperature;  at  the  expiration  of  this  time  crystals  are  observed 
at  tbe  bottom  of  the  tube ;  these  may  be  examined  directly  through  the  microscope, 
or  supernatant  liquid  can  be  poured  off  and  replaced  by  a  drachm  of  absolute  alcohol ; 
this  is  subsequently  removed  and  the  crystals  examined  ;  the  crystals  may  be  mounted 
for  examination  in  the  solvent  used  or  prepared  dry.  When  sx^ecimens  of  pure  lard, 
pure  tallow,  and  mixture  of  both,  within  certain  proportions,  are  treated  in  this  way, 
characteristic  crystals  are  formed  by  means  of  which  the  identity  of  the  specimen 
can  be  established.  Essentially  tbe  same  results  are  obtained  when  the  method  is 
varied  by  changing  the  quantity  of  the  solvent,  within  certain  limits,  or  by  repeated 
washings  with  alcohol. — William  T.  Belfield. 

Dr.  DanforiJis  formula. — The  oleine  is  first  extracted  from  the  sx)ecimen  to  be  ex- 
amined by  the  use  of  absolute  alcohol  or  a  mixture  of  alcohol  and  other  in  equal 
parts,  or  by  any  other  method  tbe  experimenter  may  choose  to  adopt ;  the  remaining 
stearine  is  then  dissolved  in  any  one  of  a  number  of  menstrua,  as,  for  example,  ether, 
turpentine,  benzole,  oil  of  Scotch  i^ine,  or  any  other  solvent  of  stearine  ;  I  usually  em- 
I)loy  turpentine;  from  this  solution  crystals  are  allowed  to  form,  and  the  resulting 
crystals  are  then  mounted  upon  glass  slii)s  prepared  for  the  purpose  in  Canada  bal- 
sam diluted  with  twenty-five  per  cent,  chloroform,  or  a  solution  of  damar,  or  tbej 
may  be  examined  in  the  original  solvent.  Another  method  I  have  used  recently  to  a 
considerable  extent,  is  to  place  the  sx^ecimen  to  be  examined  immediately  in  some  sol- 
vent of  stearine,  as  ether,  or  benzole,  or  turpentine  (usually  tbe  latter),  in  the  x)ropor- 
tion  of  ten  grains  of  the  specimen  to  be  examined  to  a  fluid  drachm  of  the  solvent, 
without  first  extra«ting  the  oleine;  I  then  watch  carefully  for  the  formation  of  the 
first  crop  of  crystals ;  these  crystals  are  then  immediately  examined  after  being 
mounted  in  either  one  of  the  media  that  I  have  already  mentioned.  Recently  I  have 
employed  a  solution  of  balsam  in  chloroform  as  a  mounting  medium  because  it  gives 
the  clearest  field.  The  crystals  are  examined  by  tbe  use  of  a  one-quarter  inch  ob- 
jective and  an  "A"  eye-x)iece,  giving  a  magnifying  x)ower  of  about  two  hundred  and 
fifty  to  two  hundred  and  sixty  diameters.  Tbe  difierence  in  appearance  between  the 
lard  stearine  and  beef  stearine  crystals  is  clear  and  definite. — Isaac  N.  Danforth. 


Op.  cit.,  pp.  11)7,  2U0, 201. 
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Professor  Hayes's  formula. — Take  a  suitable  vessel  that  cau  be  well  corked  aud  put 
iu  it  some  of  Squibb's  etber,  add  to  it  lard,  or  preferably  the  stearine  from  the  lard  ia 
question,  until  at  a  temperature  of  85^  F.  A  slight  portion  of  the  lard  or  stear- 
ine remains  undissolved  (the  stearine  may  be  obtained  from  lard  by  making  a  hot  sat- 
urated solution  of  lard  in  a  mixture  of  equal  parts  of  absolute  alcohol  and  ether,  or 
some  other  solvent,  and  crystallize  out  the  stearine  by  cooling  the  solution) ;  the  ves- 
sel is  then  very  tightly  corked  and  the  ether  heated  until  the  solution  is  perfectly 
clear  ;  then  the  vessel  is  placed  in  water,  or  left  in  a  room,  at  a  temperature  of  from 
GO-^  to  70^  F.  :  the  slower  the  solution  cools  the  larger  will  be  the  crystals;  the 
ether  is  then  decanted  from  the  crystals  and  the  crystals  washed  with  cold  ether 
or  a  mixture  of  absolute  alcohol  and  ether;  the  crystals  are  again  washed  with  ab- 
solute alcohol,  after  which  afresh  portion  of  absolute  alcohol  is  put  on  the  crystals 
and  allowed  to  stand.  The  crystals  may  be  mounted  either  in  Canada  balsam,  glyc- 
erine jelly,  or  dry.  In  examining  the  crystals  I  usually  employ  a  fifth  objective  and 
a  "  B"  eye-piece.  The  difference  in  form  of  the  beef  and  lard  stearine  crystals  fur- 
nishes a  ready  means  for  their  detection. — Plymmon  S.  Hayes. 

Dr.  Iiosc's  formula. — Take  1  gram  of  the  fat  and  dissolve  in  absolute  alcohol,  al- 
low it  to  stand  until  crystals  form,  decant  off  the  solution,  and  wash  with  repeated 
portions  of  absolute  alcohol,  finally  remove  the  alcohol  by  heat,  and  dissolve  in  tus- 
pe..  line  and  set  aside  to  crystallize  ;  when  crystals  form  remove  with  a  pipette  and 
examine  them  with  the  aid  of  a  microscope;  the  crystals  formed  from  beef  products 
are  quite  different  from  those  obtained  from  hog  products. — P.  B.  Eose. 

AX    OUTLIXE    OF    DR.    ROSE'S   METHOD    OF    CHEMICAL   ANALYSIS.* 

Take  a  definite  quantity  of  the  article  to  be  examined,  add  nine  times  its  weight  of 
a  mixture  of  equal  parts  of  ether  and  absolute  alcohol  (the  absolute  alcohol  used  was 
but  03  per  cent,  alcohol),  thoroughly  agitate,  place  the  jar  in  water,  kept  at  65='  F.  for 
twentj'-four  hours  ;  the  clear  portion  is  then  decanted  off  and  about  one-half  as  much 
more  of  the  alcohol  and  ether  is  again  added;  agitate  and  allow  the  jar  to  stand 
for  twenty-four  hours  in  water  at  the  constant  temperature  of  05°  F. ;  the  liquid 
portion  should  then  be  decanted  off  and  finally  filtered  ;  the  filter  containing  the  res- 
idue placed  in  a  jacketed  filter  filled  with  water  and  kept  at  the  temperature  of  65° 
F.  ;  the  residue  on  the  filter  is  washed  with  a  mixture  of  alcohol  and  ether,  cooled 
to  the  temperature  of  65°  F. ;  the  filter  and  residue  are  dried  and  weighed,  the 
filter  being  counterpoised  by  a  second  filter. 

The  following  are  the  amounts  taken  and  the  results  : 

Grams. 

Prime  steam  lard  taken 10.  905 

Residue  obtained , 2. 846 

Kettle-rendered  leaf  lard  taken 10.  351 

Residue  obtained 3.  250 

Xo.  1  sample  taken 10.  065 

Eesidue  obtained 2.  550 

Xo,  2  sample  taken 9.  979 

Eesidue  obtained 2.  524 

Xo.  3  sample  taken 9.  599 

Eesidue  obtained 2.409 

The  other  experiments  were  conducted  in  like  manner  except  that  the  temperature 
was  kept  at  50  and  60°  F.,  respectively. 

P.  B.  Eose. 

*0p.  cit.,  p.  2U2. 
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CERTIFICATE    OF    VrALTKR   S.    UAIXES.* 

Chicago,  Juhj  2, 1883. 
This  is  to  certify  that  I  have  examined  the  specimens  of  lard  delivered  to  me  by 
Col.  Ezra  Taylor  and  numbered  1, 2,  and  3,  and  also  the  specimens  placed  in  my  hands 
by  Dr.  Robert  Tilley,  numbered  1, 2,  and  3,  and  that  I  find  them  pure  lard  and  unadult- 
erated Tritli  tallow  or  cottonseed  oil. 

Walter  S.  Haines. 

method  employed  by  professor  haines. t 

To  test  for  the  presence  of  cottonseed  oil  I  used  the  color  test  with  strong  sulx)huric 
acid  :  from  5  to  10  grains  of  the  lard  are  stirred  up  with  one  or  two  drops  of  the  acid 
and  the  color  x^roduced  is  noted.  Pure  lard  thus  treated  gives  a  color  ranging  from 
salmon  to  slate,  cottonseed  oil  a  dark  olive  brown,  while  lard  mixed  with  cotton- 
seed oil  produces  a  well-marked  mixture  of  the  two  colors. 

To  test  for  the  presence  of  tallow  I  make  a  solution  of  lard  in  some  slightly  warmed 
solvent,  such  as  turpentine,  ether,  or  ether  and  alcohol ;  after  a  number  of  hours  the 
crystals  thrown  down  are  examined  (preferably  after  washing  with  a  little  absolute 
alcohol,  or  ether  and  alcohol)  by  the  aid  of  a  microscope ;  the  form  of  crystals  indicates 
whether  the  lard  has  been  adulterated  or  not. 

Walter  S.  Haines. 

In  explauation  of  his  results,  Professor  Haines  said  :| 

In  saying  that  he  used  essentially  Professor  Delafontaine's  process,  he  meant  that 
he  had  endeavored  to  follow  the  spirit  of  that  process  as  he  understood  it.  Pro- 
fessor Delafontaine  insists  that  his  examinations  of  the  lard  were  all  conducted  com- 
paratively with  samples  of  known  purity;  and  as  his  own  were  conducted  in  that 
way,  it  makes  but  little  difference  what  temperature  is  employed  ;  he  always  used 
the  same  temperature  for  the  examination  of  the  samples  in  question.  He  thinks 
Professor  Delafontaine's  process  is  not  sufficiently  accurately  given  to  admit  of  be- 
ing followed  with  entire  precision  ;  he  does  not  now  remember  the  temperature 
Professor  Delafontaine  used ;  he  read  that  gentleman's  certificate  aud  evidence  in 
this  case  in  respect  to  his  process.  He  (Prof.  D.)  states* that  any  chemist,  on  read- 
ing his  certificate,  will  be  able  to  tell  his  process.  The  certificate  does  not  allude  to 
temperature,  and  he  concludes  that,  as  nothing  was  said  in  it  about  the  temperature 
employed,  it  was  considered  by  Professor  Delafontaine  as  of  minor  importance,  or  no 
importance;  it  is  true,  on  cross-examination,  Professor  Delafontaine  did  mention  the 
temperature,  but  he  concludes  that  when  a  chemist  presents  with  deliberation,  in 
writing,  an  account  of  his  process,  and  states,  in  connection  with  the  certificate,  that 
it  is  amply  sufficient  for  any  chemist  to  follow,  and  has  excluded  any  mention  of  tem- 
perature in  the  certificate,  the  party  attaches  to  temperature  a  very  trivial  impor- 
tance, or  no  importance  at  all;  it  might  have  been  considered  an  accidental  omis- 
sion, but  for  the  fact  that  it  was  insisted  that  he  should  give  all  essential  particulars 
of  his  process,  and  after  the  certificate  was  submitted,  he,  again  and  again,  insisted 
that  everything  essential  was  stated  in  the  certificate  ;  and  in  view  of  these  facts  lie 
(the  witness)  can  not  consider  that  the  omission  was  by  an  oversight,  especially  as 
when ,  on  the  cross-examination,  the  temperature  was  developed  it  was  not  then  spoken 
of  as  being  essential.  In  all  his  experiments  of  treating  the  lard  under  consideration, 
concerning  which  he  has  testified,  he  either  did  the  work  himself,  or  saw  it  done  from 
beginning  to  end ;  those  performed  in  his  own  laboratory  were  conducted  entirely  by 
himself,  in  person,  and  whenever  he  left  the  laboratory,  while  the  process  was  going 
on,  the  room  was  securely  locked. 

*  P.  219.                    t  Op.  cit.,  pp.  219, 220.  X  Op.  cit.,  pp.  220, 223. 
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In  a  mixture  of  90  per  cent,  of  lard  and  10  per  cent,  of  cottonseed  oil,  treated  with 
sulphuric  acid,  as  lie  has  d  ascribed,  the  color  produced  will  be  the  salmon,  with  a 
tinge  of  slate  peculiar  to  the  lard,  and  in  addition  a  tinge  of  the  olive  brovrn  pe- 
culiar to  the  cottoDseed  oil ;  the  shades  of  color  produced  by  this  process  will 
probably  be  somewhat  differently  classed  by  different  individuals,  even  as  a  result 
of  seeing  identical  colors  or  shades  of  color ;  some  might  call  what  he  describes  as 
olive  brown,  a  mahogany  brown,  and  so  of  other  tinges  of  color,  depending  upon 
peculiarities  of  vision  in  different  individuals;  some  persons  are  slightly  color-blind, 
others  greatly  so  ;  he  speaks  of  these  colors  as  they  appear  to  his  own  vision  ;  if  a 
person  has  not  an  eye  trained  to  distinguishing  colors,  he  might  not,  perhaps,  discover 
the  difference  in  these  shades  ;  the  gentlemen  who  have  been  associated  with  him  in 
these  examinations  have  been  unanimous  in  picking  out  the  colors  peculiar  to  the 
lard,  and  to  the  cottonseed  oil,  and  became  trained  in  that  respect  before  pronouncings 
on  the  several  samples  ;  he  has  never  applied  the  test  to  crude  cottonseed  oil,  but  he 
has  experimented  on  a  number  of  specimens  of  commercial  oil,  and  refined  oil  and 
cottonseed  stearine  ;  his  observation  has  been  that  the  refined  oil  does  not  give  as 
marked  a  color  as  the  commercial  oil  does  ;  he  can  not  say  whether  or  not  there  would 
be  auy  difference  in  the  oil  made  in  summer  or  winter;  he  has  concluded  that  the 
color  comes  from  the  oil  itself,  and  not  from  any  foreign  substances  that  might  be  in 
it,  because  he  has  tested  three  specimens  of  fine  oil,  which  were  entirely  colorless,  and 
has  also  tested  perfectly  colorless  cottonseed  stearine,  and  from  these  tests  he  con- 
cludes the  color  produced  by  the  test  is  due  to  the  oil  itself.  In  respect  to  the  varia- 
tion of  the  amount  of  stearine  in  different  samples  of  lard,  he  accepts  as  evidence  of 
its  truth  the  agreement  of  authorities  who  have  discussed  it  in  hooks  and  other  pub- 
lications ;  he.  understands  the  agreement  of  writers,  on  this  point,  to  rest  on  the 
well-known  fact  that  in  lard  are  the  constitutents  of  stearine  and  palmitine,  which 
are  solid  oils ;  these  can  be  separated  approximately,  not  perfectly,  perhaps,  but  suf- 
ficiently nearly  so,  when  treated  alike,  to  enable  one  to  determine  that  some  lards 
contain  more  stearine  than  others. 

His  attention  was  first  directed  to  the  subject  of  the  detection  of  tallow  in  lard 
about  five  or  six  years  ago  ;  at  that  time  he  made  some  chemical  experiments  on  the 
question,  and  again,  about  eighteen  months  ago,  he  made  a  few  other  experiments 
in  the  same  direction,  and  within  the  past  four  weeks  he  has  made  numerous  experi- 
ments. Husson's  method,  as  published,  is  to  take  a  mixture  of  alcohol,  at  90  de- 
grees, and  ether  at  C6  degrees,  which  he  understands  to  mean  90  per  cent,  alcohol 
and  absolute  ether ;  with  this  mixture  he  treats  the  previously  warmed  fat  and  allows 
the  more  solid  portion  of  it  to  crystallize ;  he  has  used  Husson's  method,  as  he  read 
it  in  French,  and  failed  to  obtain  satisfactory  results  by  it,  and  considered  it  untrust- 
worthy; he  does  not  fully  condemn  it,  because  he  is  not  fully  convinced  as  to  what 
Husson  means  by  alcohol  at  90  degrees  and  ether  at  60  degrees  ;  if  his  interpretation 
of  the  method  is  correct,  he  does  not  concur  in  its  being  of  value.  The  comparative 
results  obtained  by  Professor  Delafontaine  and  others,  who  have  testified  on  behalf 
of  the  x>rosecution  in  this  case,  by  which  the  lard  in  question  was  shown  to  have 
more  stearine  than  the  pure  lard,  which  they  used  in  comparison,  carries  no  conclu- 
sion to  his  mind  whatever,  for  the  reason  that  Professor  Delafontaine  testified  that 
the  only  lard  which  he  knew  to  bo  pure,  and  with  which  he  tested  the  sami^les  in 
comparison,  was  kettle-rendered  lard.  It  is  manifestly  unfair  to  take  that  as  a  stand- 
ard for  comparison  with  prime  steam  lard;  but  besides  that,  his  own  experience  in 
treating  lard,  hy  the  process  described  by  Professor  Delafontaine,  shows  it  to  be  fal- 
lacious from  the  very  foundation,  and  he  attaches  no  importance  to  any  results  ob- 
tained by  it  or  by  modifications  of  it. 

He  means  to  be  understood  that,  so  far  as  he  is  able  to  determine,  the  samples  ol 
the  lard  novr  under  consideration,  which  were  examined  by  him,  contain  absolutely- 
no  adulteration. 
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CEHTIFICATE   OF   PROF.    E.    B.    STE-\VART.* 

July  3,  i8S3. 
This  certifies  that  I  have  carefully  examined  three  specimens  of  lard  received  from 
Prof.  "W.  S.  Haines  on  the  20th  of  June,  1333,  and  find  that  they  present  the  charac- 
teristic of  pure  hog's  lard,  free  from  tallow  and  cottonseed  oil. 

E.  B.  Stewart. 

METHOD   OF  EXAMINATION  FOLLOWED   BY  PROFESSOR   STEWART. t 

Both  pure  kettle-rendered  and  steam- rendered  lard  were  treated  with  about  three 
times  its  weight  of  absolute  alcohol  at  a  temperature  just  sufficient  to  melt;  the  solid 
residuum  which  separated  on  cooling  was  assumed  to  consist  of  tristearate  of  glycyl 
princiiDally;  this  was  treated  with,  first,  oil  of  turpentine ;  second,  petroleum  naphtha; 
third,  bisulphide  of  carbon;  fourth,  benzole;  fifth,  Sqnibb's  strongest  ether;  and, 
sixth,  melted  in  balsam  fir.  Pure  beef  tallow  was  treated  with  absolute  alcohol  in  the 
same  way,  and  subsequently  with  the  same  reagents. 

E.  B.  Stew^art. 

July  3,  1SS3. 

certificate  of  prof.  s.  p.  sharpless.t 

July  3,  1853. 
I  have  examined  three  samples  of  lard  submitted  to  me  by  Prof.  W.  S.  Haines,  and 
marked  Nos.  1,  2,  3,  Fowler  Bros.     I  have  been  unable  to  find   any  adulteration  in 
these  samples,  and  believe  them  to  be  i^ure  hog  product. 

S.    P.    SlIARPLESS. 

In  explanation  of  his  results  Professor  Sharpless  sajs  :§ 

He  received  from  Professor  Haines,  two  weeks  ago,  three  samples  of  lard,  marked,  re- 
spectively, No.  1,  No.  2,  and  No.  3,  since  which  date  he  has  devoted  his  time  to  their 
examination.  The  samples  were  received  in  tin  boxes,  wrapped  in  paper,  and  properly 
sealed.  The  work  of  examination  was  commenced  on  the  19th  of  June,  and  was  con- 
ducted jointly  b}'  Professor  Doremus,  Professor  Haines,  and  himself,  at  the  laboratory 
of  the  College  of  the  City  of  New  York.  After  opening  the  boxes  the  contents  of  each 
were  thoroughly  mixed,  and  then  5  grams  were  weighed  out  from  each  of  the  boxes; 
these  specimens  were  submitted  to  the  action  of  absolute  alcohol  and  the  strongest 
ether,  both  being  carefally  tested  as  to  their  strength  ;  he,  at  the  same  time,  for  the 
purpose  of  comparison,  prepared  a  sample  of  tallow,  rendering  it  himself  in  order  to 
be  certain  of  its  purity ;  5  grams  of  this  tallow  were  also  weighed  cmt ;  these  samples 
were  weighed  into  sajall  flasks,  and  the  fats  of  each  were  melted,  and  thenoOco  of  the 
mixture  of  alcohol  and  ether  was  poured  over  each  specimen;  the  flasks  were  shaken 
nntil  the  alcohol  and  ether  had  completely  dissolved  the  whole  of  the  fat.  Thisi^roc- 
ess  is  a  test  that  will  show  whether  the  lard  contained  starch  or  salt  or  whether  there 
^smuch  water  in  it ;  lard  having  much  water  in  it  will  give  a  clear  solution,  but  will 
be  milky  in  appearance;  these  lards  all  gave  perfectly  clear  solutions,  with  per- 
haps an  occasional  particle  of  wood  from  the  cask  ;  there  was  very  little  fibrous  mat- 
ter in  any  of  the  samples;  he  has  never  yet  seen  samples  of  lard  that  were  perfectly 
free  from  fiber;  these  were  as  free  from  it  as  any  he  had  ever  seen  ;  the  flasks  were  set 
in  a  closet,  at  the  same  temperature  for  each,  until  the  next  morning,  when  they  were 
examined.  The  bulk  of  the  precipitate  in  the  different  flasks  differed ;  in  some  it  was 
slightly  flocculent,  in  others  it  adhered  to  the  bottom  of  the  flask ;  this  latter  condition 
was  more  marked  in  the  case  of  this  tallow,  which  formed  a  thin  layer  over  the  bottom 
of  the  flask ;  the  liquid  was  poured  oft^  and  25cc  of  fresh  was  added,  and  the  flasks 
were  allowed  to  stand,  with  the  fresh  solvent  in  them,  until  the  next  morning,  and 

*  Op.  cit.,  p.  228.  t  Op.  cit.,  p.  233. 

+  Op.  cit..,  p.  228.  $  Op.  cit.,  pp.  229-230. 
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then  their  contents  were  filtered,  the  precii^itate  wasbed  with  a  little  absolute  alcohol, 
and  weighed.  Sample  No.  1  gave  4.35  per  cent,  of  precipitate ;  No.  2  gave  2.99;  No. 
3  gave  2.4,  and  the  tallow  gave  5.3  per  cent,  of  precipitate.  At  the  same  time  an- 
other series  of  experiments  was  tried  by  weighing  out  the  same  amount  of  lard  and 
adding  to  it  the  mixture  of  alcohol  and  ether;  in  this  case  the  lard  was  not  melted 
previous  to  the  addition  of  the  alcohol  and  ether  ;  after  these  were  added  theflasks  were 
shaken  thoroughly  and  stood  in  a  water-bath  at  the  temperature  of  Croton  water, 
which  at  that  time  was  about  72°  F.,  the  water  being  allowed  to  run  around  the 
flasks;  they  were  left  standing  in  the  water  in  this  way  for  a  little  over  two  hours, 
during  which  time  they  were  shaken  every  fifteen  minutes;  at  the  end  of  this  time 
the  contents  were  allowed  to  settle  ;  the  liquid  was  then  poured  off  and  25cc  more  of 
the  solvent  was  added,  again  shaken,  and  the  residue  of  each  sample  was  collected 
on  filters,  which  had  previously  been  weighed  ;  this  series  of  tests  produced  a  little 
higher  per  cent,  of  residue  in  every  case  than  the  former.  No.  1  gave  5.63  ;  No.  2 
gave  4.17  ;  No.  3  gave  3.69,  and  it  was  found  impossible  to  filter  the  pure  tallow  on 
account  of  the  large  mass  of  crystals  it  gave.  The  day  after  this  test  they  received 
a  sample  of  pure  prime  steam  lard  from  Chicago,  rendered  under  the  supervision  of 
Dr.  Tillej'^ ;  he  made  two  parallel  experiments  upon  this  pure  lard  ;  the  first  one  gave 
a  residuum  of  .44  of  1  per  cent. ;  the  second  gave  3.14  per  cent.  These  samples  were 
taken  from  the  same  mass  of  lard  at  the  same  time,  and  were  treated  with  exactly 
the  same  solvent  of  alcohol  and  ether ;  during  the  process  they  stood  side  by  side  in 
the  same  closet,  were  filtered  off  at  the  same  time,  weighed  at  the  same  time,  and  in 
every  way  treated  alike,  and  yet  one  gave  nearly  eight  times  as  much  residue  as  the 
other.  In  connection  with  Professors  Remsen  and  Witthaus  he  tried  another  series 
of  experiments,  following  out  the  same  method  as  in  the  first  series,  with  results  sub- 
stantially the  same  as  in  the  first  experiment,  which  he  has  detailed  so  far  as  the  lard 
was  concerned.  In  this  experiment  there  was  also  a  mixture  of  lard  and  tallow,  but 
ho  did  not  find  that  the  addition  of  the  tallow  made  any  perceptible  difference  in  the 
result.     This  experiment  will  probably  be  more  fully  described  by  Professor  Remsen. 

cehtificate  of  prof,  ira  remsen.* 

Chicago,  July  5,  1883. 
I  hereby  certify  that  I  have  examined  by  chemical  methods  the  three  samples  of 
lard  designated  as  Nos.  1,  2,  and 3,  "Fowler," submitted  to  me  by  Prof.  W.  S.  Haines, 
and  have  failed  to  find  any  foreign  substance  in  them.     I  am,  therefore,  of  the  opinion 
that  the  samples  are  j)ure  lard. 

Ira  Remsex. 

Professor  Remsen  t  stated  that  he  received  from  Prof.  W.  S.  Haines,  for  analysis, 
three  samples  of  lard,  designated  1,  2,  and  3,  ''Fowler,"  and  has  been  working  on 
them  constantly  for  about  ten  days,  to  a  considerable  extent  night  and  day.  When 
these  samples  were  first  submitted  to  him  he  set  about  a  very  careful  search  through 
the  literature  on  the  subject  to  determine  what  method  ought  to  be  adopted  in  the 
examinations  of  them.  Pie  was  disappointed  by  finding  that  the  chemical  study  of 
lard  had,  apparently,  received  very  little  attention.  The  methods  for  the  chemical 
examination  of  lard  which  have  been,  perhaps,  the  most  frequently  employed,  are 
similar  to  those  which  ire  used  in  the  examination  of  butter;  indeed,  the  chemical 
knowledge  of  butter  is  much  more  general  than  that  of  lard.  After  considering  the 
subject  he  decided,  as  he  thinks  most  do  who  are  called  upon  to  investigate  lard,  to 
adopt  as  an  experimental  method  that  of  Husson,  which  is  based  on  a  very  sim- 
ple principle.  Fats  are  known  to  differ  in  the  proportions  of  oleine,  palmitine,  and 
etearine  contained  in  them.  In  liquid  fats  there  is  a  larger  proportion  of  oleine,  and  a 
less  proportion  of  stearine  than  in  those  of  a  more  solid  character.     In  case  a  fat 

•  Op.  cit.,  p.  246.  t  Op.  cit.,  pp.  238,  239, 240, 241, 245, 246. 
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•which  is  naturally  rich  in  steariue  should  he  adulterated  with  one  which  is  rich  in 
oleiue,  he  thinks  chemistry  could  very  easily  detect  that  adulteration  ;  there  are, 
however,  several  fats  which  are  so  similar  to  each  other,  in  respect  to  the  proportions 
of  the  constituents  they  contain,  that  Avhen  they  are  mixed  it  is  a  very  difficult  mat- 
ter for  chemistry  to  detect  the  mixture.  The  best  method  he  could  think  of  was 
the  separation  of  the  stearine  from  the  oleine,  if  that  could  he  effected  ;  but  there  is 
no  method  by  which  this  can  be  entirely  or  anything  like  entirely  done.  If  fats  are 
treated,  in  comparison,  with  some  substance  which  will  partly  separate  the  stearine, 
but  leave  some  behind,  and  then  that  which  is  left  behind  in  the  one  is  compared 
with  that  left  behind  in  the  other,  both  being  accttratelj-  ascertained,  and  one  is 
found  to  be  mttch  larger  than  it  should  be,  it  is  strong  ground  for  snsx)icion  in  one's 
mind  that  there  is  something  the  matter  with  it,  without,  perhaps,  being  able  to  say 
exactly  what  has  been  put  into  it.  In  order  to  test  a  sample  of  lard  by  this  j)rocess 
it  must  first  be  known  what  standard  lard  really  contains,  or,  if  tallow  or  any  other 
fat,  what  that  fat  contains ;  this,  however,  can  not  be  ascertained  from  the  books, 
because,  in  respect  to  reliable  data  on  the  subject,  they  are  singularly  silent.  It  is 
stated  repeatedly,  in  the  books,  that  lard  varies  in  its  composition,  depending  on  a 
variety  of  causes,  such  as  the  dryness  and  other  conditions  of  the  food  on  which 
the  animal  from  which  it  was  produced  was  fed,  the  season  of  the  year  when  fed  or 
when  killed,  etc.  No  one  seems  to  have  made  so  complete  an  investigation  of  the 
subject  as  to  state  to  what  extent  these  variations  may  go,  hence  it  is  absolutely  nec- 
essary, in  an  examination  of  lard,  to  first  get  something  that  may  be  considered  a 
standard  of  pure  lard,  to  know  what  is  pure  lard,  and  to  make  an  exhaustive  iuves- 
T  igation  of  the  subject.  There  ought  to  be  a  very  extensive  investigation  of  different 
specimens  of  lard,  so  as  to  find  out  what  variations  in  the  constituents  are  i^ossible. 

For  the  purposes  of  this  investigation,  lie  procured  at  the  outset  a  sample  of  lard 
known  to  be  pure,  with  which  comparisons  could  be  made  as  the  investigations  pro- 
gressed ;  and  then  if,  on  a  comparative  examination,  the  lards  submitted  for  examina- 
liou  were  found  to  conduct  themselves  in  all  respects  in  the  same  manner,  and  no 
("iilferences  were  found  in  them,  the  conclusion  would  be  justified  that  the  lards  to  be 
tested  were  pure.  In  the  process  of  examination,  he  in  the  first  place  applied  Husson's 
method,  and  also  a  modification  of  that  method,  suggested  from  reading  the  testimony 
of  Professcr  Delafontaine.  He  also  applied  the  elaidine  test  and  the  pattern  test,  and 
he  treated  them  with  sulphuric  acid.  He  also  examined  these  samples  by  means  of 
the  spectroscope  and  by  transmitted  light,  and  he  has  to  some  extent  examined  them 
microscopically  ;  and  he  can  say  that,  after  all  the  examinations  which  he  has  been 
able  to  give  to  the  samples  of  lard  submitted  to  him  by  Professor  Haines,  his  only 
conclusion  is  that  he  can  find  no  impurities  whatever  in  them. 

in  his  examinations  he  has  paid  particular  attention  to  the  method  described  by 
Professor  Delafontaine,  in  that  gentleman's  testimony  in  this  case.  That  is  not  the 
method  described  in  the  books,  and  known  as  Husson's  method,  but  is  a  modification 
of  that  method  to  suit  the  case  of  lard.  It  depends  upon  the  relative  amount  of  residue 
remaining  after  treatment  with  alcohol  and  ether,  and  he  has  to  say  that  if  that 
method  is  a  good  and  reliable  method,  then,  beyond  any  possible  question  in  his  mind, 
the  samples  1,  2,  and  3  submitted  to  him  are  pure  lard.  If  it  is  not  a  reliable  method 
it  proves  nothing.  He  is  not  prepared  to  absolutely  condemn  the  method,  for  the 
subject  has  never  been  studied,  so  far  as  he  knows,  with  that  care  that  would  warrant 
the  basing  of  positive  conclusions  upon  that  process  of  determining  it.  It  is  possible 
'bat  there  is  the  germ  of  a  good  method  in  it ;  but,  as  described  by  Professor  Delafon- 
taine, he  is  quite  confident  it  could  never  be  used  to  prove  positively  whether  lard  is 
pure  or  impure.  In  respect  to  Husson's  method,  without  any  modification,  he  should 
say  most  emphatically  tUat  it  is  not  a  reliable  process  for  determining  the  adultera- 
tion of  lard.  The  Blythe  pattern  process  is,  as  he  understands  it,  the  same  as  what 
is  known  as  ''cohesion  figures."  There  is  some  confusion  in  the  use  of  terms  in  de- 
scribing matters  of  this  sort.     He  is,  however,  quite  sure  that  the  process  called  the 
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"Blytlie  pattern  process"  and  '^coli^siou  figures"  is  one  and  tlie  same  thing.  .  Of  this 
process  Mr.  William  L.  Carpenter,  in  the  '^Journal  of  the  Society  of  Chemical  In- 
dustry," of  London,  under  date  of  March  29,  1SS3,  says: 

•'•In  reply  to  Mr.  Xewland's  inquiry  on  this  subject,  I  may  say  that  vrhen  Professor 
Tomlinson  first  brought  them  forward  I  silent  several  Treeks  in  fruitless  endeavors  to 
apply  the  method  to  analytical  examination  of  oil,  and  the  result,  I  regret  to  say,  was 
a  complete  failure." 

He  has  read  the  testimony  of  Mr.  Hoskins  given  in  this  case  in  respect  to  his  chemi- 
cal analysis  of  lard.  Mr.  Hoskins  washes  out  a  little  difterently  from  Professor  De- 
lafontaine,  but  he  regards  Mr.  Hoskm's  process  very  much  as  he  does  that  of  Professor 
Delafontaine.  He  has  also  read  the  testimony  of  Mr.  Hirsh,  and  will  say  that  he 
considers  the  chemical  process  pursued  by  Mr.  Hirsh  as  the  least  reliable  of  any  of 
those  referred  to.  Mr.  Hirsh  made  use  of  the  same  i^rinciple  that  the  other  two 
chemists  named  did,  or  attempted  to  do  so.  Mr.  Hirsh,  taking  the  same  quantity  of 
the  lard  to  be  examined  and  of  pure  lard,  and  applying  his  process,  seeks  to  compare 
the  residue  obtained  in  each  specimen  ;  that  principle  is  the  basis  of  the  methods  of 
all  these  gentlemen  ;  the  others  weigh  the  residue  obtained,  which  is  the  only  possi- 
ble way  to  deal  with  it  chemically,  but  Mr.  Hirsh  measures  it ;  he  has  never  before 
heard  of  measuring  a  precipitate ;  that  is  something  entirely  novel  and  oiiginal. 

In  prosecuting  this  investigation  he  tried  the  color  test  for  cottonseed  oil,  with 
sulphuric  acid  ;  this  consists  of  taking  a  known  quantity  of  the  specimen  to  be  ex- 
amined and  dropping  on  it  two  drops  of  sulphuric  acid  ;  with  cotton-seed  oil  the  ef- 
fect of  this  combination  is  to  produce  a  change  of  color.  This  method  was  tried  with 
cottonseed  oil,  with  mixtures  of  cottonseed  oil  and  lard,  one  of  which  was  as  low 
as  10  per  cent,  of  the  oil,  and  with  the  samples  1,  2,  and  3  (Fowler  lard) ;  in  the  mixt- 
ure of  lard  with  10  per  cent,  cotton-seed  oil,  he  could  positively  identify  the  presence 
of  the  cottonseed  oil,  but  he  could  not  detect  any  evidence  of  it  in  the  samples  1,  2, 
and  3.  This  test  depeuds  for  its  success  upon  having  the  right  conditions  ;  it  is  an 
extremely  delicate  test,  and  must  be  made  under  certain  conditions  in  order  to  get 
any  results  at  all.  He  has  since  tried  the  same  process  with  another  sulphuric  acid 
and  failed  in  being  able  to  distinguish  one  from  the  other  ;  that  experiment  did  not 
prove  anything  to  his  mind. 

The  subject  of  investigations  for  the  detection  of  cottonseed  oil  or  tallow  in  lard  is 
one  of  the  most  complicated  with  which  chemists  have  to  deal.  When  chemists  say 
they  cannot  solve  such  questions  people  are  ax)t  to  laugh  at  them.  Altogether  too 
much  is  expected  of  chemistry  in  some  cases,  and  in  others  not  enough  of  credit  is 
given.  The  subject  of  investigation  of  fats  has  been  worked  on  for  many  years,  and 
all  the  methods  which  have  been  employed  have  been,  in  general,  found  unsatisfac- 
tory. In  the  case  of  butter  the  question  has,  within  the  past  ten  years,  been  studied 
with  great  care,  and  in  consequence  it  is  now  possible  to  tell  positively  what  the 
nature  of  butter  is;  other  fats  have  not  been  examined  with  the  same  care,  owing  to 
the  immense  amount  of  time  and  labor  necessary  to  go  through  the  investigation 
fully.  In  a  general  way  he  will  say  that  the  methods  employed  for  determining  the 
question  are  unsatisfactory  to  him.  In  the  case  of  the  samples  1,  2,  and  3,  now  in 
question,  he  can  say,  that  with  the  investigations  he  has  been  able  to  mate  of  them 
he  has  found  no  evidence  whatever  of  impurity.  All  the  tests  he  has  applied  to 
them,  so  far  as  they  have  given  indications,  have  indicated  the  absence  of  impurity  ; 
the  methods  being  imjierfect,  he  can  not  say  positively  that  the  lard  is  pure,  but  the 
Indications  are  all  in  that  direction,  with  no  indications  whatever  in  the  oi^posite 
direction. 

The  sx)ectroscope  develops  a  difference  in  the  appearance  between  cottonseed  oil, 
either  alone  or  mixed  with  lard,  and  that  of  pure  lard;  by  the  use  of  the  spectro- 
scope he  was  able  to  positively,  and  without  difficulty,  tell  that  a  certain  specimen, 
unknown  to  him  at  the  time,  but  which  really  contained  10  per  cent,  of  cottonseed 
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oil,  liad  cottonseed  oil  iu  it.  The  samples  of  Fowler  lard  did  not  give  the  cottonseed 
oil  appearance  when  tested  by  the  spectroscope,  but  acted  in  all  respects  the  same  as 
the  pure  prime  steam  lard  did.  He  does  not  attach  much  importance  to  this  test,  and 
can  only  say  that  so  far  as  the  examination  of  the  Fowler  lard  by  this  test  is  con- 
cerned, the  results  were  negative. 

When  examined  by  transmitted  light  cottonseed  oil  has  a  yellowish  color,  which 
neither  pure  lard  nor  tallow  has,  but  all  mixtures  of  lard  and  cottonseed  oil  have  this 
color.  The  Fowler  lards  failed  to  show  any  appearance  of  this  color  when  examined 
by  transmitted  light. 

The  cottonseed  oil  he  used  in  all  these  experiments  was  refined  oil.  He  has  never 
used  the  bleached  or  colorless  oil  for  such  experiments.  The  test  by  transmitted 
light  would  bo  of  no  value  whatever  in  detecting  the  colorless  oil. 

Finally,  iu  respect  to  the  color  test  for  the  detection  of  cottonseed  oil:  ^Yheu  he 
testified  two  days  since,  he  had  spoken  cautiously  and  not  very  confidently  of  the 
value  of  this  process.  At  that  time  he  had  just  come  from  the  laboratory  where  they 
(himself  and  others)  had  met  with  a  difficulty  which  at  that  time  none  of  them  could 
solve.  This  arose  from  their  having  used  something  they  did  not  know  anything 
about.  This  difficulty  has,  however,  been  since  explained,  and  he  is  now  fully  pre- 
pared to  make  a  j^ositive  statement  in  regard  to  the  value  of  the  sulphuric-acid  test 
as  a  means  of  detecting  an  admixture  of  cottonseed  oil  in  lard,  and  has  joined  with 
Professor  Sharpless  and  others  in  the  statement  read  by  Professor  Sharpless  in  that 
gentleman's  final  testimony  in  regard  to  the  value  of  that  test.  The  expression  of  this 
paper  (see  pp.  233,2.34,  which  the- witness  read)  is  his  deliberate  judgment  upon  the 
question  of  the  reliability  of  the  color  test  for  cottonseed  oil ;  and  in  view  of  all  his  ex- 
aminations of  the  samples  1,  2,  and  3  of  Fowler  lard,  ho  is  now  prepared  to  express  a 
positive  opinion  that  these  samples  do  not  contain  any  cottonseed  oil.  He  did  not,  as 
he  has  said,  use  any  bleached  oil  in  this  process,  but  other  gentlemen  did,  who  have 
given,  or  will  give,  evidence  on  that  point.  In  all  the  oil  he  has  used  he  always  gets 
the  color  reaction  peculiar  to  cottonseed  ©il,  not  always  to  exactly  the  same  extent, 
but  so  sufficiently  and  clearly  marked  as  to  be  unmistakable,  and  the  absence  of  it  is 
proof  positive,  to  his  mind,  that  there  is  no  cottonseed  oil  in  the  samples  of  Fowler 
lard  ho  has  examined. 

CERTIFICATE   OF   PROF.   R.    A.    WITTHAUS.* 

Chicago,  July  5,  1883. 
This  is  to  certify  that  I  have  made  chemical  examinations  of  three  samples  of  lard 
marked,  respectively,  Nos.  1,  2,  and  3,  Fowler,  without  obtaining  the  slightest  evi- 
dence of  the  presence  of  any  impurity.     I  therefore  consider  them  as  being  samples 
of  pure  prime  steam  lard. 

R.   A.   WiTTHAUS. 

Professor  Witthaus  also  exhibited  a  table  showing  the  results  of.  five  experiments 
with  modifications  of  Hussou,  showing  the  varying  i^roportions  of  insoluble  residue  left 
by  ether  and  alcohol.  In  the  first  four  experiments  the  residue  was  washed  with  lOcc 
of  absolute  alcohol,  in  the  fifth  with  30cc.t 

*  Op.  cit.,  p.  254.  t  Op.  cit.,  table,  p.  249. 
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Substances  treated. 


5.44 
4.03 

3.  04 

3.G4 
4.02 

4.  22 


5.0G 

4.  G5 

8.38 

3.18 

3.12 

2.  08 

3.27 

3.85 

3.19 

Fooler's  lard : 

Xo,  1 

'   Xo.2 

No.  3 

Prime  steam  lard  : 

From  tlie  can 

From  the  tierce 

Pure  tallow 

DO  per  cent,  pure  lard,  10  per  cent,  tallow 

80  per  cent,  pure  lard,  20  per  cent,  tallow | j    3.  54 

70  per  cent,  pure  lard,  30  per  cent,  tallow '[ 3.  58 

GO  per  cent,  pnre  lard,  40  per  cent  tallow 

90  per  cent,  pure  lard,  10  per  cent,  cottonseed  oil  . 

10  per  cent,  cottonseed  oil 
10  per  cent,  tallow 


Per  cent,  of  residue. 


'Ho.  1.  I  Xo.  2.  I  Xo.  3.  !  Ho.  4.  '■  JSTo.  5. 


3.35 
3.24 


3.79 
3.42 


2.46 


80  per  cent,  pure  lard 


n    (  10  per  cent,  cottonseed  oil  .. 
60  per  cent,  pure  lard  <.^  ,   ,   ,, 

^  (  30  per  cent,  tallow 


3.28 


2.07 
2.56 


2.23 


3.91 

2.88 
1.80 

1.09 


The  last  experiment  (No.  5)  was  tried  to  ascertain  the  effect  of  washing  the  residue 
with  30  instead  of  lOcc  of  absolute  alcohol.  The  result  clearly  showed  that  mucli  de- 
pends on  the  amount  of  washing  to  which  the  residue  may  be  subjected.  This  residue 
is  not  absolutely  insoluble  in  absolute  alcohol,  and  it  is  probable  that  by  excessive 
washings  it  might  all  disappear. 

It  does  not  appear  from  Professor  Delafontaiue's  testimony  that  he  washed  the 
residue  at  all ;  but,  inasmuch  as  some  of  the  liquid  containing  more  or  less  of  the  dis- 
solved material,  would  remain  on  the  filter,  unless  washed  off  by  the  alcohol,  and  dry- 
ing, would  improperly  increase  the  weight  of  the  precipitate,  they  deemed  the  wash- 
ing with  a  very  small  quantity  of  alcohol  necessary  in  order  to  arrive  at  true  results. 
He  shoukl  not  expect  to  get  essentially  different  comparative  results  by  not  washing, 
and  as  the  wbole  experiment  is  comparative  it  makes  little  difference  whether  the 
washing  is  done  or  not. 

Professor  Delafontaine  claims  that  the  jiresence  of  tallow  is  proved  by  an  increase 
of  the  residue.  The  results  of  the  experiments  shown  in  the  tabic  prove  exactly  the 
contrary,  so  far  as  they  prove  anything  in  that  respect.  The  admixture  of  cotton- 
seed oil  tends  to  greatly  reduce  the  amount  of  the  residue  obtained  by  Professor  Dela- 
fontaiue's method. 

CERTIFICATE   OF   W.   M.    HABERSHAW.'' 


Chicago,  July  5,  1883. 
I  have  analyzed  three  samples  (sealed)  of  lard  marked  Nos.  1, 2,  and  3,  delivered  to 
me  by  Dr.  W.  S.  Haines  on  the  21st  of  June,  1883,  and  find  them  free  from  adultera- 
tion, and,  in  my  opinion,  pure  lard. 

Habershaw. 

Mr.  Habershaw  said:  t 

The  analysis  of  fats  has,  until  the  last  five  years,  been  a  question  involving  a  great 
deal  of  doubt.     Among  the  first  published  methods  of  treating  fats  was  the  color  test;, 


'  Op.  cit.,  p.  258. 


tOp.  cit.,  pp.  257,258. 
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described  iu  a  French  work  Ly  Theodore  Chateau.  By  that  test  oils  aud  fats  were- 
treated  with  different  reagents  for  producing  different  colors.  He  has  examined  all 
kinds  of  oils  by  that  method.  In  some  cases  good  results  are  obtained,  in  others  they 
are  unsatisfactory.  The  method  is  of  somewhat  doubtful  value.  Then  came  the  elai- 
diue  test,  by  which  the  oleineof  a  fat  is  hardened  by  the  action  of  an  oxidizing  agent. 
He  does  not  regard  that  test  as  of  any  value.  About  1ST8,  a  German  method  for  an- 
alyzing oils  by  means  of  a  standard  solution  of  an  alkali  was  published.  He  has  used 
tliat  method  from  then  until  now,  and  has  found  it  to  produce  excellent  results.  In 
that  method  the  substance  is  accurately  weighed  and  treated  with  hydrate  of  potash 
of  known  value.  The  result  is  expressed  in  milligrams  or  grams  of  hydrate  of  potash 
required  to  saponify  a  stated  amount  of  fat.  The  standard  which  is  used  is  1  gram  of 
fat,  equivalent  to  (blank)  milligrams  of  hydrate  of  potash.  In  conjunction  with  that 
process.,  if  an  oil  be  examined  by  the  oleate  of  lead  process,  which  enables  one  to  sepa- 
rate the  equivalent  oleate  of  lead  from  the  equivalent  stearic  and  palmitic  acid,  yoa 
ascertain  the  amount  of  the  stearic  and  palmitic  acids  derived  by  difference,  or  they 

may  be  estimated  directly. 

*  jf  »  #  #  vf  * 

His  work  has  been  entirely  independent  of  other  chemists  who  have  examined  those, 
samples  of  lard.  The  composition  of  lard  is  about  47  of  oleic  acid  and  47  of  stearic- 
acid  :  he  can  not  give  the  chemical  formula  of  lard  :  the  lowest  amount  of  stearine 
be  has  found  in  imre  commercial  lard  was  3S  to  40  per  cent. ;  the  highest  amount  was 
about  45  per  cent. ;  by  stearine  he  means  the  combination  of  stearine  and  palmitine; 
he  has  never  analyzed  lard  so  as  to  obtain  the  tristearine,  and  has  never  made  the 
nUiraate  analysis  of  either  oleine,  palmitine  or  stearine.  He  does  not  think  there  is 
aiiy  difference  between  the  olein  of  lard  and  that  of  tallow;  the  chemical  character- 
istics of  chemically  pure  stearine  are  always  identical;  in  the  mixture  of  stearine  and 
palmitine  known  to  the  trade  as  stearine  the  characteristics  would,  he  supposes,  differ, 
but  he  can  not  describe  the  differences.  He  believes  iu  the  sulphuric-acid  test  for  the- 
'detection  of  cottonseed  oil,  when  used  by  those  who  uUderstand  it ;  he  has  had  a 
great  deal  of  experience  with  that  test  and  he  can  detect  cottonseed  oil  by  it.  He 
has  made  a  great  many  analyses  of  butter  ;  and  he  has  used  the  Angell  and  Hehner 
jirocess,  with  which  he  is  quite  familiar.  In  the  analysis  of  butter  the  question  of  its- 
l)iirity  is  decided  by  its  x>ercentage  of  insoluble  fatty  acids  ;  his  own  analyses  give  87 
)!er  cent,  as  the  average  of  fatty  acids  in  butter:  Angell  gives  87.34  ;  the  range  is  2: 
Iter  cent,  either  way  :  if  a  sample  of  butter  runs  over  1  or  2  per  cent,  above  the  maxi- 
laam  he  has  found  in  pure  butter  he  would  condemn  it. 

TESTI.MOXY  OF   PROF.    R.    OGDEN  DOREMUS.*" 

Professor  Doremus  said  he  undertook  the  analysis  of  the  samples  1,  2,  and  3,  Fowler^ 
and  the  samples  of  pure  lard  by  what  is  called  Muter's  process,  which  consists  in  pre- 
cipitating the  oleic,  palmitic,  and  stearic  acids  by  a  salt  of  lead;  this  gives  theoleate- 
of  lead,  the  palmitate  of  lead  and  the  stearate  of  lead ;  the  oleate  of  lead  alone  is  sol- 
uble in  ether.  After  the  oleate  of  lead  was  removed  by  this  solvent  and  after  filtra- 
tiou,  it  was  decomposed  by  an  acid,  and  a  solution  of  oleic  acid  and  ether  was  ob- 
tained. A  small  part  of  this  solution  was  drawn  off,  the  ether  evaporated,  and  the 
residue  weighed  ;  from  this  the  amount  of  oleic  acid  was  estimated  ;  the  palmitate  of 
lead  and  the  stearate  of  lead  which  remained  in  the  filter  were  removed,  decomposed 
by  an  acid,  and  weighed,  giving  the  palmitic  and  stearic  acids  combined.  Chemistry 
has  not  reached  that  degree  of  perfection  by  which  these  two  last-named  acids  can 

"Op.  cit.,pp.  2G1,  2(J2,  2G3,  2o4,  26o. 
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be  completely  separated  ;  therefore  they  must  be  estimated  in  combination  ;  there- 
suits  of  this  process  were  as  follows,  in  percentages: 


Acids. 


Oleic  acid 

Palmitic  and  stearic  acids 

Total 


!  ^^o.  1. 

No.  2. 

No.  3. 

Pure 
lard. 

60.60 
33.85 

60.42 
31.88 

65.02 
30.42 

65.40 
28.16 

94.4R5 

92.30 

95.44 

93.56 

The  remainder  of  the  substance  was  glycerine,  which  being  soluble  in  water  was 
washed  away.  Lards  are  liable  to  variation  in  the  proportion  of  these  acids  wliicli 
they  contain,  owing  to  various  causes,  sucli  as  differences  in  feed  of  the  animals,  dif- 
ferent seasons  of  the  year  in  whicb  they  are  killed,  and  other  causes,  and  there  are 
also  differences  in  the  lard  taken  from  different  parts  of  the  same  animal.  From  the 
fact  tliat  the  analyses  of  all  these  specimens  so  nearly  agree  in  their  proportions  of  the 
acids — tlie  variations  being  only  such  as  are  liable  to  be  found  in  pure  lard — he  feels 
Justified  in  stating  that  he  believes  the  samples.  Fowler  Nos.  1,2,  and  3,  contain  the 
proper  proportions  of  the  ingredients  of  lard  and  are,  therefore,  pure. 

Analytical  chemistry  is  not  capable  of  determining  whether  a  specimen  of  stearine 
is  from  the  fat  of  the  hog  or  from  the  fat  of  the  bullock,  but  these  lards,  being  shown 
to  contain  the  proper  proportions  of  the  constituents  of  pure  prime  steam  lard,  he 
claims  are  pure.  Muter,  as  he  now  remembers  it,  reports  lard  as  containing  a  little 
over  47  per  cent,  of  oleine  and  about  the  same  percentage  of  palmitine  and  stearine, 
but  Muter  doubtless  referred  to  lard  rendered  from  the  leaf  fat  alone;  in  Europe  they 
would  not,  as  we  do  in  this  country,  designate  as  lard  the  fat  from  all  parts  of  the 
hog  but  only  such  as  comes  from  the  leaf. 

He  has  examined  under  the  microscope  the  specimens  of  crystals  obtained  by  Dr.- 
Belfield,  Professor  Hayes,  and  others,  and  he  believes  the  micro.scope  is  capable  of 
determining  the  question  as  to  whether  the  substance  from  which  the  crystals  were 
obtained  was  the  stearine  of  beef  or  of  the  hog.  He  does  not  claim  to  be  a  profes- 
sional microscopist,  but  he  has  used  the  microscope  largely  in  chemical  investigations 
and  in  instruction  to  college  students.  In  examining  the  crystals  of  Professor  Hayes, 
slide  after  slide  was  i)laced  before  him,  under  the  microscope,  and  without  any  pre- 
vious knowledge  on  his  x)art  as  to  what  the  specimen  was,  he  was  able  to  at  once  cor- 
rectly decide  which  was  from  pure  lard,  which  from  tallow,  and  which  from  mixtures 
of  the  two.  The  difference  in  the  crystals  is  very  marked,  and  is  beautifully  illus- 
trated by  the  xihotographs  exhibited  by  Dr.  Belfield. 

In  respect  to  adulteration  of  lard  by  cottonseed  oil,  he  believes  that^gentlemen  who 
are  skilled  in  handling  these  substances  can  by  the  ordinary  senses  of  taste  and  smell, 
and  by  its  color,  detect  an  adulteration  by  it  when  the  adulteration  amounts  to  5  or 
10  per  cent.,  an^  if  the  adulteration  has  been  with  the  common  or  unbleached  oil,  he 
may  not,  from  the  color,  be  able  to  say  that  it  is  certainly  cottonseed  oil  that  has  been 
mixed,  but  he  will  be  able  to  detect  the  i)resenco  of  some  abnormal  substance.  He 
believes  that  a»n  expert  can,  by  the  sulphuric-acid  test,  decide  whether  lard  is  adul- 
terated with  cottonseed  oil.  There  are  two  methods  of  doing  this.  First,  dropping 
the  acid  upon  the  lard  and  allowing  it  to  remain,  watching  the  changes  of  color. 
Second,  dropping  the  acid  upon  the  lard  and  stirring  them  together,  and  then  watch- 
ing the  development  of  colors.  By  this  process  an  adulteration  by  a  substance  like 
cottonseed  oil  can  certainly  be  detected  if  it  exist  to  the  extent  of  10  per  cent.  He 
has  read  the  testimony  for  the  defense  in  this  case  on  the  subject  of  the  sulphuric-acid 
test,  and  fully  agrees  with  them  as  to  the  value  of  this  test,  and  he  has  joined  in  the 
statement  in  that  regard  read  by  Professor  Sharpless. 

By  the  aid  of  the  spectroscope  for  the  examination  of  lard,  cottonseed  oil,  if  pres- 
ent, is  at  once  and  clearly  indicated;  not  that  it  is  certainly  cottonseed  oil,  but  that 
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there  is  some  forei<;u  siibstauce  iu  the  lard.  Tliere  is  uotliing  in  cliemical  analysis 
that  can  compare  in  delicacy  with  the  spectroscope  ;  the  utmost  reliance  is  placed 
on  this  instrument,  and  it  is  used  for  the  determination  of  the  most  serious  and  deli- 
cate questions,  and  such  as  involve  the  issues  of  life  and  death.  There  are  two  forms 
of  this  si^ectroscope,  that  of  direct  vision,  and  the  micro-spectroscope;  the  latter  be- 
ing a  combination  of  the  microscope  and  the  sioectroscope;  both  were  employed  in  the 
examination  of  the  samples  of  the  lard  now  in  question.  A  piece  of  rubber  was  ar- 
ranged with  small  cavities  cut  into  it,  and  into  one  of  these  cavities  was  placed  a 
specimen  of  pure  lard,  which  had  been  previously  melted  aud  filtered ;  in  another 
cottonseed  oil ;  in  another  lard  with  an  admixture  of  10  per  cent  of  cottonseed  oil; 
in  another  lard  mixed  with  20  per  cent,  of  cottonseed  oil  (the  lard  used  in  all  these 
specimens  had  been  filtered)  and  also  one  specimen  of  lard  very  carefully  filtered  ;  the 
cottonseed  oil  had  not  been  filtered.  These  several  samples  were  placed  in  front  of 
the  spectroscope  so  that  the  light  would  pass  through  the  liqnids  in  succession.  The 
observation  showed  that  in  the  case  of  the  pure  filtered  lard  there  was  a  very  trivial 
obscuration  of  the  whole  spectrum  ;  in  the  more  carefully  filtered  lard  scarcely  any, 
as  the  light  i^assed  through  them  ;  in  the  sample  of  pure  cottonseed  oil  the  whole  of 
the  upper  part  of  the  spectrum,  from  the  upper  or  blue  end  down  to  the  space  between 
Frauenhofer's  lines  E.  and  F.,  was  obliterated.  A  second  prism  was  then  adjusted  so 
that  the  light  from  another  source  could  pass  through  the  spectroscope,  revealing  one 
spectrum  above  another.  These  lights  were  so  adjusted  as  that  both  had  the  same 
degree  of  brilliancy.  In  this  way  they  could  observe  in  one  spectrum  the  light  pass- 
ing through  unobstructed  and  in  the  other  passing  through  the  specimen.  Examined 
in  this  way  the  filtered  pure  lard  appeared  as  clear  aud  brilliant  in  the  one  spectrum 
as  the  unobstructed  light  did  in  the  other  ;  uodiiference  could  be  detected.  The  pure 
cottonseed  oil  being  brought  in  the  place  of  the  pure  lard,  only  one-half  of  the  spec- 
trum could  be  seen,  the  part  only  through  which  the  light  passed  unobstructed,  the 
other  half  being  entirely  obliterated.  The  10  per  cent,  mixture  of  cottonseed  oil  pro- 
duced a  very  perceptible  obscuration  ;  the  20  per  cent,  mixture  much  more,  so  that  an 
approximate  estimate  can  be  made^by  the  degree  of  obscuration  ;  it  would,  perhaps,  be 
a  rough  estimate,  but  yon  can  certainly  say  whether  it  is  xH-esent  or  not.  The  samples 
of  Fowler  lard  1, 2,  and  3  were,  after  being  heated  and  filtered,  subjected  to  this  test,  and 
examined  in  the  same  way  ;  with  them  there  was  not  the  slightest  obscuration  of  Ihe 
blue  end  ;  the  one  spectrum  had  the  same  brilliancy  as  the  other.  Ho  has  not  exam- 
ined a  great  variety  of  oils  with  the  spectroscope,  and  can  not  say  what,  if  any,  other 
substance  would  similarly  alfect  the  light.  Olive  oil  afiects  it  differently  ;  that  pro- 
duces a  (lark  band  on  the  lower  part  of  the  spectrum.  These  experiments  were  spe- 
cially with  reference  to  the  detecting  of  cottonseed  oil,  and  his  experiments  have 
been  sufficient  to  warrant  him  in  claiming  that  he  can  certainly  detect  10  per  cent, 
of  cottonseed  oil  mixed  with  lard:  he  tried  it  with  an  admixture  of  5  per  cent.,  and 
found  some  obscuration;  his  son  claimed  he  could  detect  5  per  cent,  every  time,  but 
he  (the  witness)  will  not  assert  that  he  can  do  that,  but  he  can  a  10  jier  cent,  mixt- 
ure; he  does  not  claim  to  be  able  to  state  that  the  adulteration  is  certainly  cotton- 
seed oil,  but  where  there  is  no  obscuration  he  will  say  that  cottonseed  oil  is  not  pres- 
ent, at  least  not  to  the  extent  of  10  per  cent.  ;  with  practice,  he  thinks  it  i:»robable  that 
a  much  less  adulteration,  by  cottonseed  oil,  than  10  per  cent,  can  be  detected  with 
certainty.  It  is  necessary  that  the  lard  should  be  melted  and  filtered,  so  that  all  the 
particles  of  membrane  can  be  removed  from  it.  If  melted  and  not  filtered,  there  will 
be  a  slight  obscuration,  but  it  will  affect  all  parts  of  the  spectrum  alike  ;  if  the  lard 
is  properly  filtered  there  will  be  no  obscuration  whatever;  the  iiresence  of  cotton- 
seed oil  affects  the  blue  end  only,  and  the  degree  of  obscuration,  from  a  slight  dark- 
ening to  a  total  obliteration,  depends  on  the  amount  of  the  cottonseed  oil  present  in 
the  specimen.  The  micro-spectroscope  developed  the  same  effects  as  the  spectroscope 
alone,  in  respect  to  cottonseed  oil. 
He  has  tried  the  elaidine  test,  but  has  not  been  able  to  successfullv  use  it  in  detect- 
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ing  cottonseed  oil.     He  has  also,  repeatedly,  tried  the  Blythe  pattern  process,  hut 
has  not,  hy  it,  been  ahle  to  reach  any  results  upon  which  he  could  rely. 

The  testimony  for  the  defense  being  all  in,  Dr.  Delafontaine  was  called 
in  rebuttal  and  made  the  following  statements:  * 

Prof.  II.  Delafontaine  recalled  hy  the  prosecution  in  rebuttal  of  statements  and 
theories  iireseuted  in  the  evidence  of  witnesses  for  the  defense,  testified  that  it  was- 
evident  to  him  that  the  scientific  witnesses  for  the  defense  could  not  have  read  his^ 
evidence  with  care,  or  they  would  not  have  charged  him  with  using  kettle-rendered 
lard  alone  as  his  standard  sam^^le  for  comparison,  as  he  had  distinctly  stated  that  he 
got  a  sample  of  prime  steam  lard  from  a  packing-house,  which,  on  heiug  tested  in  th© 
same  way  as  the  others,  gave  about  3  per  cent,  of  residue,  and  he  had  added,  that,  as 
a  clincher,  he  had  taken  lard  stearine,  1  pound  of  which  is  equal  to  2  pounds  of  lard^ 
and  found  that  it  did  not  run  higher  in  residue  than  his  sample,  No.  1,  of  Fowler 
lard.  In  other  analyses  of  four  samples  of  prime  steam  lard  of  undoubted  purity, 
none  ran  higher  than  3  per  cent,  of  residue.  The  chemists  whose  evidence  on  behalf 
of  the  defense,  while  seeking  to  impress  the  board  with  the  unreliability  of  the  process 
he  described  in  his  evidence  in  chief,  all  admit  they  did  not,  in  their  attempted  trials 
of  that  process,  follow  the  i)roces8  he  described,  neither  faithfully  nor  closely,  as  they 
should  have  done ;  all  introduced  some  modifications,  some  of  which  are  essential^ 
and  entirely  change  the  character  of  the  method;  others  may  be  of  small  importance ; 
he  can  not  say  whether  they  are  or  not.  There  seems  to  be  a  general  disiDosition  to 
raise  all  sorts  of  objections  to  his  process;  apparently,  in  the  hope  that  some  of  them 
would  stick.  The  gentlemen  from  the  East  acknowledge  that  they  have  very  little 
knowledge  of  chemistry  of  fats ;  for  instance,  Professor  Doremus  says  the  composi- 
tion of  fats  varies  a  great  deal ;  and  reported  that  he  had  found  65  per  cent,  of  oleic 
acid  (which  means  68  per  cent,  of  oleine)  in  pure  lard  ;  and  he  (Professor  Doremus) 
says  Muter  found  47  i^er  cent,  of  oleine  in  lard,  and  claims  there  is  that  range  of 
variation  in  pure  lard.  Professor  Doremus  has  never  analyzed  but  one  sample  of 
pure  lard,  while  he  (the  witness)  has  analyzed  many,  and  knows  better  than  Pro- 
fessor Doremus  does  within  what  limits  pure  lard  varies.  The  sample  which  Muter 
analyzed  was,  in  all  probability,  refined  lard ;  he  himself,  some  two  years  or  so 
ago,  analyzed  some  Chicago  refined  lard,  and  found  only  48  per  cent,  oleine;  it  was 
mixed  with  tallow  and  other  things,  such  as  are  put  into  refined  lard. 

lie  regards  Professor  Doremus's  reported  analysis  of  four  samples  of  lard — two  of 
which  yielded  about  95  per  cent,  of  fatty  acids,  and  the  other  two  about  92,  or  92.5 
per  ceur.  as  faulty  ;  because  it  has  been  recognized  since  1816  that  the  yield  of  fatty 
acids  in  various  fats  is  nearly  the  same  in  all — between  95  and  96  per  cent.  The  man 
who  has  done  most  to  enlighten  us  in  the  knowledge  of  fats  finds  that,  ''in  human 
fat  the  total  amount  of  fatty  substance  in  100  is  95  ;  in  mutton  fat,  95.5  ;  in  beef  fat  95  ; 
in  pork  fat  94.9."  He  (the  witness)  claims  that  whenever  a  chemist  finds  even  1  per 
cent,  less  than  these  figures  he  should  conclude  his  analysis  is  not  correct. 

He  thinks  that  the  explanation  of  the  fact,  if  it  is  a  fact,  that  by  his  process  these 
gentlemen  got  a  less  yield  of  residue,  from  mixtures  of  lard  and  tallow,  than  from 
pure  tallow  alone,  is  in  the  time  the  substances  remained  mixed  before  being  analyzed  y 
that  might  make  an  essential  difi'erence.  In  his  tests  he  took  samples  of  the  Fowler 
lard,  and  of  pure  lard,  and  added  to  each  a  quantity  of  beef  stearine  ;  the  result,  in 
both  cases,  was  that  a  residue  was  obtained  equal  to  what  was  in  the  lard,  plus  what 
was  in  the  beef  stearine.  In  the  case  of  the  elaidiue  test,  all  of  the  gentlemen  say  it 
gives  no  results,  but  none  of  them  applied  it  as  he  testified  he  did;  all  had  some 
modification — some  used  nitric  acid. 

He  has  tried  the  sulphuric  acid  color  tests  on  the  Fowler  samples  of  lard,  and  got 
those  colors  the  gentlemen  spoke  so  enthusiastically  about,  but  in  treating  by  that 
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test  he  separated  the  oil,  and  tested  it,  which  they  did  not  do  ;  if  they  had  done  this 

they  would  have  got  the  cottonseed  oil  colors  they  say  was  absent  in  their  treat- 
ment of  it.  The  cottonseed  oil  becomes  so  diluted  when  mixed  with  the  mass  of 
lard  that  it  is  more  ditiScult  to  detect  it  in  the  lard  itself  than  in  the  separated  oil. 
He  did  not  get  the  color  from  the  Fowler  lard,  but  he  did  get  it  when  he  treated  the 
oil  from  that  lard  alone.  He  has  tried  this  test  recently  on  the  oil  from  a  sample  of  lard 
which  contained  cottonseed  oil,  and  he  got  the  colors  they  describe  and  then  tried  it  on 

.some  prime  lard  oil  and  got  no  such  color.  The  color  test  by  sulphuric  acid,  if  the  oil  is 
treated,  is  a  valuable  test  for  cottonseed  oil,  but  his  experiments  show  that  the  cot- 
tonseed oil  may  be  so  well  refined  that  it  will  not  answer  to  the  test  quite  so  well 
as  for  oil  in  the  less  rehned  state. 

He  has  tried  the  process  of  obtaining  crystals  for  microscopic  examination  by  a  so- 
lution. He  took  a  sample  of  the  Fowler  lard  and  a  sample  of  pure  lard  for  a  com- 
parison, and  treated  them  by  that  method,  and  after  four  or  five  hours,  when  half  the 

■ether  was  evaporated,  there  was  in  the  Fowler  lard  an  abundant  deposit  of  crystals, 
in  the  pure  lard  none  yet ;  he  examined  those  crystals  from  the  Fowler  lard,  and 
found  them  to  be  nearly  all  crystals  of  stearine,  with  a  small  sprinkling  of  crystals  of 
palmitine;  the  sample  of  pare  lard  was  allowed  to  stand  four  hours  longer,  the  ether 
then  being  reduced  to  one-quarter  of  its  original  bulk  ;  from  this  he  got  a  small  crop 

■  of  crystals:  on  examining  these  by  the  microscope  ho  foitnd  them  to  be  mainly  crys- 
tals of  palmitine,  with  some  of  stearine;  this  process  leads  to  determining  whether 
the  crystals  are  those  of  stearine  or  of  palmitine,  when  it  is  carefully  applied ;  the  gen- 
tlemen on  the  other  side  all  acknowledge  they  do  not  know  the  difference  between 

the  crystals  of  stearine  and  those  of  palmitine;  his  treatment  by  this  process  showed 
that  the  Fowler  sample  of  lard  had  a  great  deal  more  stearine  in  it  than  the  pure 

Qard  had. 

He  thinks  the  gentlemen  have  greatly  exaggerated  objections  to  the  method  pur- 
sued by  Mr.  Hoskins  in  testing  by  the  pattern  process;  he  has  seen  that  process  tried 
on  samples  of  lard  and  of  tallow,  and  on  mixtures  ef  lard  and  tallow,  and  found  quite 
different  patterns  producedin  these  specimens,  when  the  process  was  properly  applied. 
He  has  tried  Husson's  method,  but  did  not  get  satisfactory  results  from  it ;  he  had 
no  difficulty  in  understanding  what  was  meant  by  90  degrees  alcohol  and  66  degrees 
ether ;  both  mean  the  degrees  measured  by  the  hydrometer,  and  are  the  equivalent  of 

per  cent. :  it  is  a  quite  usual  mode  of  expressing  the  strength  of  such  substances  in 

^French. 

DECISION   OF   THE   BOARD   OF   TRADE.* 

The  board  find  that  the  charges  preferred  may  be  properly  summarized  under  the 
following  general  heads,  to  wit  : 

First. — That  a  certain  lot  of  250  tierces  of  lard,  mantifactured  by  the  AnglJ- Ameri- 
can Packing  and  Provision  Company,  branded  '*  James  Wright  &Co.  Prime  Steam 
Lard  "  and  marked  *'<(69\  10/'  which  lot  of  lard  was  stored  in  a  provision  warehouse 

of  the  Anglo-American  Packing  and  Provision  Company,  and  rex)resented  by  a  ware- 
house receipt  issued  by  said  company — having  been  by  it  put  upon  the  market  and 
sold  as  and  for  prime  steam  lard — was  delivered  to  complainants  in  the  course  of  busi- 
ness and  paid  for  by  them  as  prime  steam  lard,  but  was  not  in  fact  prime  steam  lard, 
as  required  by  the  rules  of  the  Board  of  Trade,  but  was  adulterated  and  contained 
substances  other  than  hog  lard,  to  wit,  tallow,  vegetable  oils,  etc.,  as  was  said  to  have 
been  stated  by  competent  and  skilled  chemists  who  had  analyzed  the  same,  and  as 
•said  complainants  charge  and  believe  to  be  the  fact. 

Second.— That  on  the  first  day  of  June,  1333,  said  Fowler  Brothers  tendered  to  said 
•  complainants  a  certain  lot  or  lots  of  lard — brands  and  marks,  other  than  prime  steam 
•lard,  not  stated — which  tender  purported  to  be  in  fulfillment  of  a  contract  made  by 

*  Op.  cit.,  pp.  270-27-2. 
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said  Fowler  Brothers  to  deliver  to  complainants  a  large  quantity  of  prime  steam 
lard,  then  deliverable  on  said  contracts,  which  said  lard,  complainants  charge,  was 
not  in  fact  prime  steam  lard,  as  required  by  the  rules  of  the  Board  of  Trade,  but  was 
mixed  and  adulterated  by  and  for  said  Fowler  Brothers,  with  tallow,  beef  fat,  cotton- 
seed oil,  or  other  substance  different  from  hog's  lard ;  which  tender  was  intended  by 
the  said  Fowler  Brothers  to  deceive,  defraud,  and  cheat  complainants  by  delivering 
to  them  a  spurious  commodity  under  the  brand  and  name  of  prime  steam  lard. 

Third. — Complainants  charge  upon  information  and  belief  that  the  Anglo-American 
Packing  and  Provision  Company,  with  the  knowledge  and  conscDt  of  said  Fowlers, 
has  manufactured  a  large  quantity  of  adulterated  lard  and  mixtures  which  has  been 
sold  by  said  Fowlers  to  the  trade,  and  to  members  of  the  Board  of  Trade,  for  prime 
steam  lard,  which  said  adulterated  lard  is  stored  in  the  warehouses  under  their  con- 
trol, and  which  transactions  complainants  charge  to  be  acts  of  bad  faith  and  dishon- 
orable and  dishonest  conduct  in  business. 

The  board  of  directors  have  given  to  the  investigation  of  these  charges  a  very  pro- 
tracted and  patient  hearing,  which  in  their  judgment  has  been  exhausted  in  develop- 
ing all  the  facts  attainable'  in  respect  to  them,  and  have  arrived  at  the  conclusion 
that  they  have  not  been  sustained,  and  have  therefore  voted  that  they  be  dismissed. 

Inasmuch,  however,  as  these  charges  involve  questions  of  the  greatest  concern  to 
the  members  of  this  association,  and  to  dealers  and  consumers  of  pork  products,  not 
only  throughout  our  own  country  but  in  foreign  lands  as  well,  the  board  of  directors, 
in  view  of  the  evidence  submitted  in  this  case,  both  on  the  part  of  defendants  and 
for  the  prosecution,  can  not,  With  a  due  regard  to  their  responsibilities  to  the  public 
and  to  the  members  of  this  association,  refrain  from  expressing  their  unqualified  dis- 
approval of  and  censure  upon  defendants  for  the  remarkable  methods  of  conducting 
the  business  of  manufacturing  lard  in  their  establishment,  as  developed  by  the  evi- 
dence in  this  case.  It  appears,  and  is  admitted,  to  have  been  the  practice,  during  at 
least  several  of  recent  months,  that  beef  product  in  various  forms  has  been  rendered 
in  the  same  tanks  and  with  hog  product,  this  mixed  product  of  certain  tanks  being 
conducted  through  a  system  of  Intricate  machinery  and  pipes  in  which  also  x>rime 
steam  lard  was  at  times  conveyed  to  their  so-called  lard  refinery  wherein  both  prime 
steam  lard  and  the  mixed  product  used  for  what  is  called  refined  lard  is  drawn  off  into 
packages  for  market ;  and  this  in  a  manner  that  by  accident  or  design  on  the  part  of 
the  employes  of  the  establishment  could  easily  contaminate  the  purity  of  their  prime 
steam  lard,  which  might  thus  become  more  or  less  adulterated,  not  only  with  the  beef 
product  so  rendered  with  a  portion  of  their  hog  product,  but  also  with  the  cotton- 
seed oil  and  other  unknown  substances  used  in  the  manufactnre  of  their  so-called  re- 
fined lard;  and  this  board,  in  view  of  the  existing  methods  of  manufacturing  prime 
steam  lard  in  this  establishment,  recom^aiend  that,  without  delay,  the  parties  so  re- 
adjust their  lard-manufacturing  arrangements  that  all  grounds  for  suspicion  in  this 
respect  shall  be  effectually  removed,  and  that  in  case  this  recommendation  is  not 
promptly  complied  with  to  the  satisfaction  of  this  board,  such  action  be  taken  as  will 
relieve  this  board  of  all  responsibility  in  respect  to  such  product. 

The  board  of  directors  would  embrace  this  occasion  to  express  their  gratification 
that,  as  the  result  of  this  investigation,  the  question  of  ascertaining  the  truth  as  to 
adulterations  in  lard  by  scientific  examination,  which  has  hitherto,  to  say  the  least, 
been  one  of  extreme  difficulty,  seems  now  to  give  promise  of  a  satisfactory  solution; 
and  while  not  desiring  to  express  absolute  confidence  in  any  particular  method  for 
determining  adulterations  by  the  substances  suggested  in  the  charges  preferred  in 
this  case,  the  board  feels  great  encouragement  to  believe  that  even  small  adultera- 
tions with  cotton-seed  oil  can  be  detected  by  some  of  the  methods  detailed  in  the  evi- 
dence submitted  in  the  case  by  scientific  gentlemen ;  and  that  the  microscope,  in  the 
hands  of  an  experienced  operator,  can  be  successfully  employed  in  detecting  adul- 
teration bybeef  i)roduct  when  it  exists  to  the  extent  of  10,  and  probably  even  a  much 
less  percentage. 
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ADULTERATION  OF  AMERICAN  LARD. 

IMPORTANT  PEOSECUTIONS.* 

At  the  Liverpool  police  court  ou  tiie  20th  ultimo,  before  Mr.  Raffles,  several -whole- 
sale provision  merchants  in  Liverpool  were  summoned  for  having  sold  lard  not  of  the 
nature,  substance,  and  quality  demanded  by  the  purchaser.  Mr.  Marks  appeared  to- 
support  the  summonses  on  behalf  of  the  Health  Committee  of  the  Corporation.  The 
first  case  called  was  one  in  which  Cuffey  Brothers,  Victoria  street,  Avere  summoned, 
and  for  whom  Mr.  Pickford  appeared.  The  court  was  crowded  with  representatives- 
of  the  provision  trade. 

Mr.  Marks,  in  opening  the  case,  said  the  defendants,  who  carried  on  business  at  40 
Victoria  street,  were  summoned  for  selling  lard  which  was  not  of  the  nature,  sub- 
stance, and  quality  demanded  by  the  purchaser.  The  warehouse  of  the  defendants  was 
visited  on  the  14th  May  by  Inspector  Baker,  an  officer  under  the  sale  of  food  and  drugs 
act.  He  there  saw  a  number  of  buckets  of  lard  ou  which  was  printed  *'  N.  K.  Fair- 
bank  4fc  Co.,  refined  lard,  Chicago."  He  inquired  the  price,  and  ultimately  purchased 
a  bucket  for  lOs.  8d.  He  gave  the  usual  notice  about  requiring  the  purchase  for 
analysis,  and  offered  to  divide  it  for  that  purpose.  His  offer  was  accepted.  He  then 
left  the  defendants  a  sample,  another  portion  he  took  to  Dr.  Campbell  Brown,  in  the- 
usual  course,  and  the  third  he  retained.  Dr.  Brown  furnished  a  certificate,  upon 
which,  as  a  rule,  the  case  rested.  Owing,  however,  to  communications  that  had  been 
made  to  him  (Mr.  Marks)  by  a  gentleman  instructed  on  behalf  of  the  defendants,  in 
this  and  other  cases,  it  was  thought  desirable  that  Dr.  Brown  should  be  in  attend- 
ance, so  that  he  might  give  evidence  in  a  more  ample  manner  than  would  appear 
from  his  certificate,  and  in  order  that  the  defendants  might  have  an  opportunity  of 
cross-examining  him.  The  certificate  which  Dr.  Brown  had  furnished  stated  that  he 
had  analyzed  the  lard,  and  that  in  his  opinion  it  contained  considerably  more  than 
40  per  cent,  of  a  mixture  of  cotton  seed  oil,  and  either  mutton  or  beef  fat.  The  court 
would  xirobably  gather  this  was  a  case  of  greater  importance  than  cases  under  the 
sale  of  food  and  drugs  act  usually  were.  Certainly  if  a  court  was  to  be  troubled  with 
all  the  information  which  had  been  furnished  to  him  officially,  and  also  anonymously, 
he  should  imagine  that,  so  far  as  the  United  States  was  concerned,  the  people  were 
at  present  given  up  entirely  to  the  lard  question.  [Laughter.]  However,  in  the 
provision  trade  the  case  was  undoubtedly  regarded  as  of  very  great  importance,  and 
he  was  bound  to  say  it  was  important  to  more  classes  of  persons  than  one.  It  was  of 
vast  importance  to  the  makers  of  lard,  whose  profits  were  simply  enormous,  and  also 
to  the  consumers  of  the  lard.  It  seemed  that  about  eighteen  months  ago  it  was  dis- 
covered that  lard  was  being  imported  into  this  country  which  was  adulterated.  It 
was  imported  from  America,  and  the  fact  appeared  to  have  become  known  in  Amer- 
ica, and  to  have  created  a  tremendous  amount  of  feeling  there. 

Mr.  Pickford  objected  to  these  observations  as  being  irrelevant. 

Mr.  Marks  said  he  was  simply  leading  up  to  the  facts.  What  he  was  going  to  say 
Avas,  that  the  principal  manufacturers  of  this  lard  were  j)ersons  whose  names  ap- 
peared upon  the  buckets,  namely,  Fairbauk  &,  Co.,  of  Chicago,  and  Armour  &  Co.  It 
was  known  to  Dr.  Campbell  Brown,  about  eighteen  months  ago,  that  this  importa- 
tion of  lard  was  going  on. 

Mr.  Pickford  again  objected  to  Mr.  Marks  entering  into  matters  not  connected  with 
the  present  case. 

Mr.  Marks  contended  that  his  observations  had  reference  to  the  case  before  the 
court. 

Mr.  Raffles  said  he  should  rule  that  what  Dr.  Brown  did  eighteen  months  ago  was- 
not  relevant,  except  it  had  reference  to  the  summons  now  being  heard. 

-^The  Analyst,  July,  1888,  pp.  136  et  seq. 
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Mr.  Marks  (continuing;  said  that  in  order  to  meet  Mr.  Pickford's  objections,  lie 
-would  put  the  matter  in  this  way:  On  examining  the  sample  in  question.  Dr.  Brown 
found  that  his  researches,  "which  had  occupied  him  more  than  eighteen  months  ago 
had  furnished  him  with  knowledge  that  had  enabled  him  to  discover  that  the  sample 
contained  cottonseed  oil.  All  he  was  going  to  say  before  was  that  eighteen  months 
-ago  Dr.  Brown  could  not  have  done  so.     [Laughter.] 

Daring  the  last  mouth,  when  Dr.  Brown  analyzed  the  sample,  he  found  there  was  a 
considerable  proportion  of  cottonseed  oil,  and  also  of  stearine,  either  mutton  or  beef 
far.  Lard  adulterated  in  that  way,  Dr.  Brown  would  show,  was  a  very  inferior  arti- 
cle indeed,  was  not  of  the  same  value,  and  was  not  as  useful  for  the  purposes  for 
which  genuine  lard  is  used.  The  cottonseed  oil  produced  in  one  season  in  the  L'nited 
^States  amounted,  he  believed,  to  ISO  or  200  million  pounds  weight.  Of  that  a  very 
large  percentage,  pretty  nearly  half,  was  used  by  manufacturers  of  what  was  called 
reiined  lard,  but  which  the  prosecution  suggested  was  adulterated  lard.  The  price 
■of  cottonseed  oil  was  only  about  '22s.  6d.  a  hundredweight,  and  the  price  of  beef  fat 
only  30.S.  a  hundredweight,  whereas  the  price  of  pure  lard  was  42s.  6d.  a  hundred- 
weight. Therefore  it  would  be  seen  that  when  such  large  quantities  of  cottonseed 
oil  were  used,  enormous  profits  resulted  to  the  manufacturer,  who  could  substitute 
ft)r  the  more  valuable  article  a  cheaper  one.  Every  week  there  came  into  Liverpool 
£^0,0C0  to  £30,000  worth  of  lard,  and  the  T\riiole  of  that  he  j)resumed  was  used  in  the 
preparation  of  food.  It  was  consequently  a  serious  matter  for  the  consumer,  as  well 
as  a  matter  of  considerable  importance  to  the  fair  traders  in  lard,  who  offered  for  sale 
the  genuine  article. 

Inspector  Baker  deposed  to  visiting  the  defendants"  warehouse,  and  purchasing  a 
i)ucket  of  lard  on  wkich  was  the  name  of  Fairbank  &  Co. 

Mr.  Pickford  did  not  cross-examine. 

Dr.  Campbell  Brown,  examined  by  Mr.  Marks,  stated  that  on  the  15th  of  May  h-' 
received  the  bucket  of  lard  from  the  last  witness  and  analyzed  it.  The  result  of  his 
analysis  was  that  he  found  the  lard  to  contain  a  very  large  quantity  of  cottonseed 
oil  and  beef  or  mutton  fat.  He  estimated  the  total  quantity  as  considerably  more 
than  40  per  cent.  He  really  believed  the  quantity  \\  as  more  than  .30  per  cent.,  but  he 
was  certain  that  it  was  more  than  40  per  cent. 

Cross-examined  by  Mr.  Pickford  : 

Q.  I  suppose  you  mean  the  cottonseed  oil  and  the   beef  or  mutton  fat   together 
made  40  per  cent.  ? — A.  Yes. 
-  Q.  You  don't  distinguish  the  one  from  the  other  ?— A.  I  have  not  done  so. 

Q.  Can  you  do  so  ? — A.  I  can't  tell  the  precise  quantity  of  beef  fat. 

■Q.  Then,  I  assume,  if  you  can't  determine  the  quantity  of  beef  fat.  that  you  can't 
determine  the  quantity  of  cottonseed  oil  ? — A.  I  am  quite  certain  there  was  more 
than  30  per  cent,  of  cottonseed  oil,  but  I  can't  determine  more.  I  can't  estimate  ex- 
actly the  quantity  of  beef  fat,  and  therefore  I  can't  tell  precisely  the  quantity  of  cot- 
tonseed oil  over  30  per  cent. 

Q.  Does  not  your  test  tell  you  anything  about  the  beef-fat  stearine  ? — A.  It  tells  a 
good  deal  about  it,  but  not  the  precise  quantity. 

Q.  IIow  do  your  tests  show  the  presence  of  these  things? — A.  I  think  you  would 
require  to  attend  a  course  of  lectures  on  chemistry  before  you  do   it.     [Laughter.] 

Mr.  Eaffles.  I  think  we  had  better  not  have  that. 

By  Mr.  Pickford  : 

Q.  What  kind  of  tests  do  you  use  ?— A.  I  put  the  whole  thing  through  seven  or 
eight  processes  and  then  argue  the  thing  out.     I  have  no  individual  test. 

Q.  Supposing  there  was  no  cottonseed  oil  at  all  ? — A.  Yes,  but  there  is.  [Laugh- 
ter, j 

Q.  Supposing  there  was  no  cottonseed  oil,  but  beef  fat  only  added  to  the  lard, 
could  you  distinguish  that  fat  from  the  other  fat  ?— A.  I  can  distinguish  beef  fat  from 
hog's  fat. 
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Q.  These  are,  as  a  matter  of  fact,  new  tests  ?— A.  They  are  new  applications  of  old 
knowledge. 

Q.  I  mean  that  you  could  not  until  quite  recently  distinguish  cottonseed  oil  or 
heef  fatinthe  lard  ? — A.  I  was  quite  certain  about  the  cottonseed  oil  fifteen  months 
ago,  but  I  did  not  see  my  way  to  get  out  the  quantity  sufficiently  for  judicial  pur- 
poses. Four  or  five  years  ago  I  knew  about  a  certain  quantity  of  beef  fat.  I  don't 
want  to  give  ray  results  now,  for  two  reasons.  One  is  that  I  am  getting  the  quantity 
less  every  week,  and  the  other  is  I  don't  want  to  let  the  makers  of  lard  know  how 
little  they  can  put  in  without  detection.     [Laughter."] 

Mr.  Pickford,  for  the  defense,  said  his  worship  would  probably  have  divined  from 
the  cross-examination  that  he  was  not  going  to  deny  the  presence  of  cottonseed  oil 
in  this  refined  lard,  but  he  was  going  to  say  that  "refined  lard"  was  a  perfectly  well- 
known  trade  term,  and  everybody  was  aware  that  it  was  a  compound  of  fats  and 
not  real  hog  fat.  If  that  was  proved,  and  the  effect  of  the  notice  on  the  barrel  that 
it  was  refined  lard  meant  what  he  said,  then  he  should  bring  the  case  within  the  case 
which  was  decided  without  mustard,  in  which  a  man  asked  for  mustard,  and  on 
the  packet  was  a  notice  that  the  contents  were  not  pure  mustard,  but  compound 
mustard.  He  did  not  think  he  was  wrong  in  trying  to  stop  what  seemed  to  him 
to  bo  irrelevant  statements — of  which  a  number  had  been  made — about  the  com- 
parative prices  of  the  ingredients. 

Mr.  Marks.  I  can  prove  my  statement  if  my  friend  wants. 

Mr.  Pickford.  A  great  number  of  these  statements  are  absolutely  inaccurate. 

Mr.  Marks.  I  think  it  is  only  fair  to  myself  to  say  what  I  base  my  statements 
upon. 

Mr.  Raffles.  I  have  nothing  t©  do  with  it. 

Mr.  Marks.  I  was  basing  my  statement  upon  the  general  broker's  trade  circular  of 
the  15th  of  last  month. 

Mr.  Raffles.  Don't  let  us  talk  about  it. 

Mr.  Pickford.  No,  sir ;  I  don't  want  to.  But  if  I  allow  it  to  pass  without  con- 
tradiction it  would  no  doubt  be  stated  in  the  papers  that  it  was  admitted  as  a  fact, 
and  I  don't  admit  it.  I  do  admit  that  this  refined  lard  is  sold  at  about  the  same  price 
as  pure  lard,  and  I  admit  that  as  being  important  for  showing  that  the  people  who 
use  a  very  large  quantity  of  this  stuff  in  this  country  willingly  pay  the  same  price, 
and  have  no  complaint  to  make  of  the  stuff. 

Mr.  Pickford  was  proceeding  to  make  remarks  upon  the  summons  when — 

Mr.  Raffles  said :  The  only  question  I  have  to  deal  with  is  the  adulteration. 

Mr.  Pickford.  But  is  it  adulterated  f 

Mr.  Raffles.  On  Dr.  Campbell  Brown's  evidence  it  is  adulteration. 

Mr.  Pickford.  I  say  it  is  not  adulteration.  It  is  sold  as  refined  lard,  and  I  can 
call  evidence 

Mr.  Raffles.  I  can't  go  into  that. 

Mr.  Pickford.  If  you  say  you  can't  hear  evidence  on  that  I  can't  say  any  more. 

Mr.  Raffles.  I  can't. 

Mr.  Pickford.  But  supposing  that  the  meaning  of  the  trade  term  "refined lard" 
is  not  pure  hog's  lard,  then  it  is  a  compound  and  not  adulterated. 

Mr.  Raffles.  I  can't  go  into  any  special  meaning  which  is  attached  by  the  trade 
to  refined  lard. 

Mr.  Pickford.  If  the  words  "refined  lard"  do  mean  a  compound  of  fats,  it 
meane  that  everybody  who  buys  the  stuff,  that  the  purchaser  is  not  getting  an  arti- 
cle of  a  different  nature,  quality,  and  substance  to  that  demanded 

Mr.  Raffles.  Well,  of  course,  this  case  will  go  elsewhere,  whatever  my  decision  ia. 

Mr.  Pickford.  Then  I  understand  that  you  reject  any  evidence  on  my  point! 

Mr.  Raffles.  Yes. 

Mr.  Pickford  said  he  ought  perhaps  to  state  that  he  intended  to  show  that  refined 
lard  was  a  well-known  term,  meaning  a  compound  of  fats  and  oil,  and  was  not  con. 

17319— pt.  4 ^^10 


546*  FOODS    AND    FOOD    ADULTERANTS. 

fined  only  to  the  American  market,  but  the  English  refiners,  he  believed,  used  some 
cottonseed  oil.  Refined  lard,  whether  American  or  English,  was  never  pure  hog's 
fat,  and  everybody  knew  it. 

Mr.  Raffles.  Dr.  Campbell  Brown  tells  mo  this  is  adulterated,  and  that  is  quite 
sufficient  for  me.     He  will  take  the  case  elsewhere,  I  suppose. 

Mr.  PiCKFORD.  It  is  very  likely,  but  I  can't  say  anything  one  way  or  the  other. 

Mr.  Raffles.  It  is  a  very  serious  question,  aqd  one  which  ought  to  be  dealt  with 
seriously.     I  shall  inflict  a  fine  of  £5  and  costs. 

Messrs.  Felling,  Stanley  &  Co.,  Victoria  street,  were  summoned,  and  Mr.  Mulhol- 
laud  appeared  for  the  defense. 

Mr.  Raffles.  What  is  the  difference  between  this  case  and  the  last  ? 

Mr.  Marks.  An  important  one,  in  one  respect,  inasmuch  as  the  lard  is  the  same 
manufacture,  but  is  from  the  other  great  refiner's.  This  also  is  called  refined  lard, 
but  whether  the  defense  means  to  rely  upon  that  or  not  I  don't  know. 

Inspector  Baker  gave  evidence  of  the  purchase  of  the  lard  from  the  defendants, 
and  stated  that  when  he  offered  to  leave  a  sample  with  them  they  declined  to  receive 
it.     He  then  took  the  lard  to  Dr.  Campbell  Brown. 

Dr.  Campbell  Brown  said  he  analyzed  the  lard  in  question  and  found  a  very  large 
quantity  of  cottonseed  oil  and  fat  extracted  from  beef  or  mutton.  He  estimated 
ithe  total  quantity,  approximately,  at  40  per  cent.  The  case  was  not  so  bad  as  the 
last. 

Mr.  Mulholland  said  that  the  witness  had  analyzed  two  samples  of  lard  of  the 
same  brand,  and  had  given  differenr  figures.  He  therefore  applied  for  the  case  to  be 
adjourned  for  the  lard  to  be  sent  to  Somerset  House  for  aualysis. 

Mr.  Raffles  said  he  should  decide  the  case  himself. 

In  cross-examination  Dr.  Campbell  Brown  said  ho  believed  that  of  late  years  the 
■oil  formerly  taken  out  of  bog's  fiht  to  make  it  harder  and  more  fit  for  carriage  was  not 
now  salable  because  of  the  introduction  of  mineral  oils  for  lubrication. 

Mr.  Mulholland.  And  therefore  it  becomes  commercially  more  important  to  put 
hardening  stuff"  into  the  lard  than  to  take  out  the  oil  ? 

The  Witness.  It  becomes  important  to  the  manufacturers,  but  it  is  not  right. 

Mr.  Mulholland.  You  are  not  the  analyst  of  right  and  wrong,  but  only  of  fat 
■and  stearine.     [Laugliter.] 

Mr.  Mulholland  submitted  that  the  case  came  within  the  first  subsection  of  the 
act,  namely,  that  these  substances  were  not  introduced  for  any  fraudulent  purpose, 
but  for  the  purpose  of  hardening  the  lard  and  making  it  merchantable. 

Mr.  Raffles.  It  can  not  be  for  the  purpose  of  bringing  it  over.  I  am  against  you 
there. 

Mr.  Mulholland  said  he  also  took  the  same  point  as  Mr.  Pickford,  and  as  his  wor- 
sMp  was  against  them  there  he  supposed  he  would  grant  them  a  case  on  that  as  well 
as  on  other  points  if  necessary. 

Mr.  Raffles.  I  will  give  you  any  means  you  may  require  for  testing  my  decision. 
It  is  very  desirable  this  matter  should  be  settled.  I  shall  inflict  the  same  penalty  of 
X5  and  costs. 

Messrs.  J.  &  T.  Edwards,  provision  dealers,  Whitechapel,  were  summoned  for  a 
similar  offense. 

Mr.  Edwards,  a  member  of  the  firm,  appeared  and  stated  that  he  bought  the  lard 
as  pure  lard. 

Mr.  Marks.  If  you  did  I  should  sue  the  manufacturers  for  the  amount  of  the  fine 
and  costs. 

The  invoice  for  the  lard  was  handed  to  his  worship,  who,  however,  said  it  was  no 
warranty  of  purity. 

Mr.  Edwards  said  he  bought  the  lard  as  pure,  and  consequently  he  thought  the 
fine  ought  to  be  less  than  in  the  other  cases. 

Mr.  Raffles  said  he  should  inflict  the  same  fine,  £5  and  costs. 


LARD  AND  LARD  ADULTERATIONS.  547 

SUM3IARY. 

I  liave  endeavored  to  set  forth  iu  the  preceding  pages  our  present 
knowledge  concerning  the  constitution  of  pure  lard  and  its  adultera- 
tions. The  question  of  the  wholesomeness  or  unwholesomeness  of  the 
various  ingredients  has  not  been  raised  in  these  investigations.  It  is- 
hardly  necessary  to  call  attention,  however,  to  the  fact  that  the  stear- 
ines  and  cotton  oils  used  in  the  manufacture  of  adulterated  lard  are^ 
so  far  as  known,  perfectly  wholesome  and  innocuous.  There  is  every 
reason  to  believe  these  are  fully  as  free  from  deleterious  effects  upon 
the  system  as  hog  grease  itself. 

A  more  serious  question  which  is  presented  is  the  effect  of  selling 
adulterated  lard  as  pure  lard  or  refined  lard.  To  do  this  is  a  fraud  upon 
the  consumer.  Although  it  has  been  claimed  by  the  large  manufact- 
urers of  refined  lard  that  the  term  refined  is  a  trade-mark  whose  mean- 
ing  is  perfectly  well  known  by  seller  and  purchaser,  yet  it  can  not  be 
denied  that  the  meaning  of  the  word  refined  in  the  above  sense  is  gen- 
erally unknown  to  the  consumer.  The  idea  conveyed  to  the  ordinary 
consumer  by  the  word  refined  would  be  an  article  of  superior  purity 
for  which  he  would  possibly  be  willing  to  pay  an  increased  i)rice.  It  is. 
gratifying  to  know  that  since  the  investigations  recorded  above  were 
commenced  the  largest  manufacturers  of  compound  lard  in  this  country 
have  decided  to  abandon  the  use  of  the  term  refined  and  to  sell  their 
lards  as  compound  lard  or  lard  compounds^  and,  in  cases  where  no  hog 
grease  at  all  enters  the  composition  of  the  article,  to  place  it  upon  the 
market  as  cottolene  or  cotton-seed  oil  product. 

In  the  cases  before  English  courts  cited  above  it  is  seen  that  the  word 
refined  does  not  convey  to  the  judicial  mind  the  idea  which  is  claimed 
for  it  as  a  trade -mark,  and  hence  the  wisdom  of  the  manufacturers  in 
changing  the  labeling  of  their  wares  is  at  once  manifest. 

The  extensive  adulteration  of  American  lards  has  afforded  grounds 
to  foreign  countries  for  prohibiting  importation  of  our  production  or  of 
levying  upon  it  a  heavy  dutj^  By  requiring  all  food  products  made  in 
this  country  to  be  labelled  and  sold  under  their  true  name  we  could  se- 
cure for  our  products  immunity  from  any  such  exclusion  from  foreign 
countries  as  is  mentioned  above.  The  right  of  foreign  countries  to  levy 
an  import  dutj^  on  our  products  is  one  which  we  would  in  no  measure 
seek  to  abridge;  yet  by  the  recognized  purity  of  our  exported  food  ar- 
ticles we  should  see  that  they  secure  a  proper  entrance  into  foreign 
countries.  These  remarks  are  not  alone  applicable  to  lard  and  its  adul- 
terations, but  to  all  kinds  of  food  products,  whether  they  are  to  be  con- 
sumed at  home  or  abroad. 
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PREFATORY  NOTE. 


Washington,  D.  C,  August  17,  1889. 

Sm :  I  submit  herewith  for  your  examinatiou  and  approval  Part  Five 
of  Bulletin  l^o.  13  on  the  adulteration  of  food.  The  present  part  con- 
sists of  an  investigation  of  baking  powders  and  a  resume  of  our  present 
knowledge  of  the  subject. 

In  these  investigations  we  have  used  every  endeavor  to  avoid  error 
and  bias.  Ko  particular  powder  has  been  favored  at  the  expense  of  any 
other  one.  Our  samples  have  been  purchased  in  the  open  market  and 
we  have  had  them  to  represent  as  fairly  as  possible  the  character  of  the 
goods  sold. 

In  such  an  investigation  it  is  not  possible  to  get  results  which  will 
please  every  dealer  and  manufacturer,  and  we  may  therefore  expect 
that  many  of  oiir  data  will  be  distorted  or  denied  by  interested  parties. 
A  more  serious  embarrassment  may  also  confront  us,  and  that  is  the 
use  of  isolated  portions  of  this  report  for  advertising  purposes. 

The  public  official  who  lends  the  name  and  authorit}'  of  his  office  for 
advertising  purposes  has  little  regard  for  either,  and  less  for  the  pro- 
j)rieties  of  his  position.  He  has,  however,  no  longer  control  of  the  data 
of  his  analyses  when  they  have  once  been  published  by  the  proper  au- 
thority. 

It  would  be  well,  in  view  of  such  facts,  if  the  use  of  such  matter  for 
advertising  purposes  could  be  absolutely  forbidden.  In  the  present 
case  I  would  like  to  emphasize  the  statement  that  any  data  or  state- 
ments in  the  present  Bulletin  which  may  be  paraded  by  advertisers  in 
praise  of  their  wares  would  show  a  discrimination  wholly  unauthorized 
by  the  spirit  and  scope  of  this  work. 
Respectfully, 

H.  W.  Wiley, 

Chemist. 

Hon.  J.  M.  Rusk, 

Secretary  of  Agriculture, 
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LETTER  OF  SUBMITTAL. 


Sir  :  I  have  the  honor  to  submit  herewith  Part  Fifth  of  Bulletin 
No.  13,  containing  the  results  of  an  investigation  into  the  character 
and  composition  of  baking  powders,  in  continuation  of  the  work  on 
food  adulteration.  Mj^  absence  in  connection  with  the  sugar  experi- 
ments has  greatly  delayed  the  completion  of  the  work  and  the  prepara- 
tion of  this  report. 

My  thanks  are  due  to  Mr.  K.  P.  McElroy  and  Mr.  T.  0.  Trescot  for 
the  intelligent  assistance  rendered  by  them  in  the  performance  of  the 
analytical  work. 

Eespectfally, 

C.  A.  Crampton, 

Assistant  Chemist. 
Dr.  H.  W.  Wiley, 

Chief  Chemist. 
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AERATION  OF  BREAD. 

When  bread  is  made  by  simply  mixing  flour  with  water  and  baking 
the  dough,  the  result  is  a  hard,  tough,  compact  mass,  "the  unleavened 
bread"  of  the  Scriptures.  The  use  of  yeast  to  "leaven"  the  dough  is 
doubtless  almost  as  old  as  the  art  of  baking  itself.  Both  kinds  of  bread 
are  mentioned  in  Mosaic  history,  and  its  use  was  known  in  Egypt  and 
in  Greece  at  very  early  periods.  Nothing  has  ever  been  found  that 
could  equal  the  action  of  yeast  as  a  leavening  agent.  Carbonic-acid  gas 
is  generated  by  fermentation  from  the  carbohydrates  already  existing 
in  the  bread,  so  that  no  foreign  materials  are  introduced  into  it.  The 
disengagement  of  the  gas  takes  place  slowly,  so  that  it  has  its  full  effect 
in  the  lightening  of  the  dough.  This  is  an  objection  to  its  use,  of  course, 
when  quick  raising  is  desirable,  and  it  is  this  slow  action  of  yeast  which 
has  been  the  chief  cause  of  the  introduction  of  a  chemical  aerating  agent. 

The  method  of  aeration  invented  by  Dr.  Danglish,  in  England,  in 
March,  1859,  approximates  more  closely  the  action  of  yeast  than  any 
other  method  in  so  far  as  it  introduces  no  permanent  foreign  substance 
into  the  bread.  In  this  method  water  which  has  been  previously  charged 
with  carbonic  dioxide  is  used  in  making  up  the  dough,  the  operation  be- 
gin performed  in  a  closed  vessel,  under  pressure.  As  soon  as  the  dough 
is  taken  from  this  vessel  it  immediately  rises,  from  the  expansion  of  the 
gas  contained  in  it.  The  method  has  been  modified  by  using  instead  of 
water  a  weak  wort,  made  by  mashing  malt  and  flour,  and  allowing  fer- 
mentation to  set  in.  This  acid  liquid  absorbs  the  gas  more  readily,  and 
perhaps  has  some  slight  effect  on  the  albuminoids,  the  peptonization 
of  which  constitutes  an  advantage  of  yeast  raised  bread  over  that  made 
by  this  method,  in  which  the  aeration  is  i^urely  a  mechanical  operation. 
Thus  the  bread  made  by  this  process  is  somewhat  tasteless,  the  fla- 
vors produced  by  fermentation  within  the  bread  being  wanting.  On 
the  other  hand,  there  is  no  danger  of  the  improper  fermentations  which 
sometimes  occur,  and  the  process  is  especially  adapted  to  flours  which 
would  be  apt  to  undergo  such  changes  when  fermented.  J^go^  says 
with  reference  to  it : 

Working  with  flours  that  are  weak  or  damp  or  even  borderinnj  on  the  verge  of  un- 
soundness, it  is  still  possible  to  produce  a  loaf  that  should  be  wholesome  and  palata- 
ble, certainly  superior  to  many  sodden  and  sour  loaves  one  sees  made  from  low- 
quality  flours  fermented  in  the  ordinary  manner.     In  thus  stating  that  it  is  possible 

1  Chemistry  of  Wheat,  Flour,  and  Bread,  and  Technology  of  Bread- making.  Lon- 
don.    1886. 
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to  treat  flours  of  inferior  quality  by  this  aerating  method,  the  author  wishes  specially 
to  carefully  avoid  giving  the  impression  that  it  is  the  habit  of  those  companies  which 
work  Dauglish's  method  to  make  use  of  only  the  lower  qualities  of  flour;  he  has 
never  had  any  reason  whatever  for  supposing  such  to  be  the  case. 

This  method  is  in  operation  in  all  the  larger  cities  of  Great  Britain, 
but  I  have  no  knowledge  of  its  being  used  in  this  country. 

CHEMICAL  AERATING  AGENTS. 

The  necessity  of  sometimes  having  bread  preparations  raised  quickly 
for  immediate  baking  led  to  the  use  of  chemical  agents  for  this  purpose. 
In  all  of  these  the  expansive  gas  is  the  same  as  where  yeast  is  used, 
but  instead  of  its  being  derived  from  the  constituents  of  the  flour,  it  is 
obtained  by  the  decomposition  of  a  carbonate  which  is  introduced,  to- 
gether with  an  acid  constituent  to  act  upon  it,  directly  into  the  flour. 
When  water  is  added  to  make  the  dough  the  chemicals  are  dissolved, 
the  reaction  occurs,  and  the  carbonic  acid  is  set  free,  while  the  salt  re- 
sulting from  the  combination  of  the  acid  with  the  alkaline  base  of  the 
carbonate  remains  in  the  bread  and  is  eaten  with  it.  Many  suppose, 
and  this  idea  is  fostered  by  baking-powder  manufacturers,  that  nothing 
remains  in  the  bread,  that  everything  is  driven  off  during  the  baking. 
This  is  entirely  erroneous,  of  course,  and  the  residue  necessarily  left  in 
the  bread  by  baking-chemicals  constitutes  an  objection  to  their  use,  and 
its  amount  and  character  determine  to  a  large  extent  the  healthfulness 
of  the  combination  used.  The  essential  elements  of  such  a  combination 
are,  first,  a  carbonate  or  bicarbonate  which  contains  the  gas  combined 
with  an  alkaline  base,  and,  second,  an  acid  constituent  capable  of  unit- 
ing with  the  base  in  the  carbonate  and  thus  liberating  the  carbonic-acid 
gas.  For  the  alkaline  constituent  bicarbonate  of  soda,  *^  baking-soda,'^ 
is  almost  exclusively  employed — bicarbonate  of  ammonia  much  less. 
For  the  acid  constituent,  however,  there  is  great  diversity  in  the  agents 
used.  When  the  housewife  mixes  sour  milk  with  baking-soda  to  "  raise  " 
her  griddle-cakes,  she  makes  use  of  the  free  lactic  acid  of  the  former  as 
the  acid  constituent  of  her  chemical  aerating  agent.  When  she  uses 
"cream  of  tartar"  or  acid  tartrate  of  potassium  with  soda,  she  uses  the 
free  tartaric  acid  of  the  former  as  an  acid  constituent,  and  this  is  the 
same  combination  that  is  used  in  one  class  of  the  baking-powders  sold 
in  the  market.  In  fact,  the  entire  line  of  such  powders  now  sold  is 
practically  the  outcome  of  the  old  time  operation  of  domestic  chem- 
istry, mixing  "saleratus"  and  "cream  of  tartar"  to  aerate  rolls,  muffins, 
pancakes,  and  such  bread  preparations,  which  were  to  be  baked  imme- 
diately after  mixing,  and  could  not  well  wait  for  the  slow  operation  of 
yeast.  They  consist  of  an  acid  and  an  alkaline  constituent  in  about  the 
proper  proportions  for  combination,  and  in  a  dry  state,  together  with 
various  proportions  of  a  dry  inert  material,  such  as  starch,  added  to 
prevent  action  between  the  chemicals  themselves,  so  that  the  prepara- 
tion may  be  kept  indefinitely. 
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CONSUMPTION  OF  BAKING-POWDERS. 

The  quantity  of  the  different  chemical  preparations  made  and  con- 
sumed uuder  the  name  of  *' baking-powders,"  "yeast-powders,"  etc.,  in 
the  United  States  can  not  be  stated  with  any  degree  of  accuracy ;  neither 
the  Statistical  Division  of  this  Department  nor  the  Bureau  of  Statistics  of 
the  Treasury  was  able  to  give  any  information  whatever  upon  this  sub- 
ject. Mr.  F.  N.  Barrett,  editor  of  the  "American  Grocer,"  advised  me 
that  the  Kew  York  Tartar  Company  would  probably  be  best  able  to 
give  something  of  an  idea,  at  least,  of  the  amount  produced.  A  letter 
of  inquiry  sent  to  this  firm  elicited  the  following  response: 

Dear  Sir:  Your  note  of  inquiry  of  the  22d  instant  was  received  in  due  course  of 
mail.  We  have  dehiyed  repjy  thereto  because  of  the  difficulty  of  securing  with  any  de- 
gree of  reliability  the  information  you  seek.  We  believe  that  no  one  can  give  a  cor- 
rect estimate  of  the  quantity  of  baking-powder  annually  consumed  in  the  United 
States,  but  we  are  led  to  conclude  from  rather  careful  consideration  that  it  amounts 
to  between  50,000,000  and  75,000,000  pounds.  Of  this  quantity  probably  two-thirds 
is  made  from  cream  of  tartar,  and  the  residue  from  phosphate  and  alum. 
Very  respectfully, 

New  York  Tartar  Company. 

This  would  seem  rather  a  high  estimate,  implying  as  it  does  an  an- 
nual average  consumption  of  a  pound  each  by  every  man,  woman,  and 
child  in  the  country.  Probably  few  persons  woiild  suppose  that  it 
reached  such  a  figure.  Taking  the  price  per  pound  at  50  cents,  which 
is  about  the  maximum  retail  x^rice  charged  the  consumer,  together  with 
the  lower  of  the  two  figures  given  above,  we  would  have  $25,000,000  as 
the  amount  annually  paid  by  consumers  for  this  one  article. 

Granting  that  the  above  is  somewhat  of  an  overestimate,  there  can 
be  little  doubt  that  no  other  article  which  enters  into  the  composition 
of  food  stuffs,  and  which  is  not  of  itself  a  nutrient,  is  the  subject  of  so 
great  an  expenditure. 

The  consumption  of  baking-powders  does  not  seem  to  have  become 
so  extensive  in  Europe  as  in  the  United  States,  judging  from  the  very 
small  amount  of  attention  bestowed  upon  the  subject  in  works  on  food. 
Jago^  makes  but  slight  mention  of  their  use.  Doubtless  the  American 
people  eat  more  largely  of  preparations  of  breadstuffs  which  are  baked 
quickly,  such  as  rolls,  buns,  etc. 

In  view  of  the  large  quantity  of  these  preparations  now  consumed, 
and  a  lack  of  knowledge  amongst  most  people  concerning  their  compo- 
sition and  the  chemical  reactions  that  occur  in  their  use,  I  have  thought 
it  proper  to  give  a  somewhat  detailed  exposition  of  the  principles  in- 
volved, and  to  endeavor  to  explain,  even  to  the  non-scientific  reader, 
how  these  powders  are  made,  and  how  they  act. 

1  Op.  cit. 
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RECENT  INVESTIGATIONS. 

Two  important  studies  of  the  composition  and  character  of  baking- 
powders  have  been  made  recently,  one  under  the  direction  of  the  Ohio 
Dairy  and  Food  Commission,  and  the  other  by  the  Dairy  Commissioner 
of  the  State  of  New  Jersey.^  Work  done  in  this  way,  which  has  the 
authority  and  weight  of  official  sanction,  is  most  valuable,  and  I  have 
drawn  largely  upon  the  reports  above  mentioned  in  the  following  pages. 
Many  other  analyses  of  baking-powders  have  been  made  from  time  to 
time,  and  several  extensive  investigations  have  been  carried  out  upon 
the  relative  merits  of  different  kinds  of  powders.  In  fact  "  baking- 
powder  literature  '^  is  quite  extensive.  The  active  competition  between 
makers  of  different  brands,  and  the  methods  used  by  them  in  advertis- 
ing their  goods,  have  made  readers  of  newspapers  and  magazines 
familiar  with  all  sorts  of  parti-colored  statements  about  baking-powders 
in  general,  and  certain  classes  and  brands  in  particular,  and  unfortu- 
nately such  matter  is  not  always  confined  to  advertising  columns. 
Most  persons  know  comparatively  little  about  baking-powders,  and  the 
general  ignorance  on  the  subject  is  taken  advantage  of  and  intensified 
by  the  manufacturers.  The  analyses  and  testimonials  of  eminent  chem- 
ists frequently  appear  in  such  advertisements,  and  are  often  couched 
in  terms  that  do  little  credit  to  the  profession.  I  can  make  no  use 
of  such  publications ;  the  only  material  I  can  accept  as  trustworthy 
are  the  reports  cited  above,  where  the  official  character  of  the  work 
done  affords  ample  assurance  that  the  investigators  were  influenced  by 
unbiased  and  disinterested  motives.  It  is  the  proper  province  of  such 
bodies  as  State  boards  of  health  to  make  investigations  of  this  kind, 
and  results  arrived  at  in  this  way  are  always  entitled  to  credence,  while 
the  conclusions  of  scientific  men,  however  expert  they  may  be,  are 
always  open  to  doubt  when  tkey  receive  compensation  from  parties 
who  are  interested  in  having  the  results  lean  in  their  direction. 

ADULTERATION. 

There  is  no  recognized  standard  for  the  composition  of  a  baking-pow- 
der, either  in  this  country  or  abroad.  To  prove  from  a  legal  point 
of  view  that  a  powder  was  adulterated,  it  would  be  necessary  to  show 
that  it  contained  some  substance  injurious  to  health.  Most  of  the 
treatises  on  food  adulteration  give  but  little  attention  to  this  class  of 

1  While  the  present  publication  was  passing  through  the  press,  I  have  received 
another  official  publication  upon  this  subject,  constituting  Bulletin  No.  10  of  the 
Laboratory  of  the  Inland  Revenue  Department,  Ottawa,  Canada,  and  prepared  by 
A.  McGill,  assistant  to  chief  analyst.  I  regret  that  it  appeared  too  late  to  allow  of 
the  incorporation  into  the  present  publication  of  any  of  the  results  and  conclusions 
contained  in  it.  Most  of  the  powders  examined  were  of  Canadian  manufacture,  but 
the  leading  American  brands  were  also  included,  and  the  analyses  were  quite  com- 
plete. 
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substances,  which,  though  not  of  themselves  articles  of  food,  enter  into 
the  composition  of  food  preparations.  Considerable  space  is  devoted 
in  such  works,  however,  to  the  adulteration  of  bakers'  chemicals.  If  a 
substance  is  sold  as  cream  of  tartar,  for  instance,  which  either  is  not 
cream  of  tartar,  or  is  sophisticated  with  some  cheaper  substance,  the 
seller  could  be  convicted  under  food-adulteration  laws,  but  if  such  a 
fraudulent  cream  of  tartar  were  incorporated  into  a  mixture  with  other 
chemicals  and  the  whole  sold  as  baking-powder,  no  conviction  could  be 
secured.  In  the  famous  ** Norfolk  baking-powder  case"  in  England, 
which  will  be  alluded  to  further  on,  the  powder  in  question  contained 
alum,  which  substance  bakers  are  not  allowed  by  law  to  use  in  bread. 
Yet  the  prosecution  was  not  successful  because  it  was  directed  against' 
the  sale  of  the  powder,  not  against  the  bread  made  from  it,  there  being 
no  legal  standard  for  substances  sold  as  baking-powder  in  England. 

CLASSIFICATION  OF  BAKING-POWDERS. 

Baking-powders  maybe  conveniently  classified  according  to  the  na- 
ture of  the  acid  constituent  they  contain.  Three  principal  kinds  may 
be  recognized  as  follows : 

(1)  Tartrate  powders,  in  which  the  acid  constituent  is  tartaric  acid 
in  some  form. 

(2)  Phosphate  powders,  in  which  the  acid  constituent  is  phosphoric 
acid. 

(3)  Alum  powders,  in  which  the  acid  constituent  is  furnished  by  the 
sulphuric  acid  contained  in  some  form  of  alum  salt. 

All  powders  sold  at  present  will  come  under  some  one  of  these  heads, 
although  there  are  many  powders  which  are  mixtures  of  at  least  two 
different  classes. 

TARTRATE   POWDERS. 

The  form  in  which  tartaric  acid  is  usually  furnished  in  this  class  is 
bitartrate  of  potassium,  or  "  cream  of  tartar."  Sometimes  free  tartaric 
acid  is  used,  but  not  often.  Bitartrate,  or  acid  tartrate  of  potassium 
is  made  from  crude  argol  obtained  from  grape  juice.  It  contains  one 
atom  of  replaceable  hydrogen,  which  gives  it  the  acidity  that  acts  upon 
the  carbonate.  The  reaction  takes  place  according  to  the  following 
equation : 
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It  will  be  seen  that  the  products  of  the  reaction  are  carbonic  acid  and 
double  tartrate  of  potassium  and  sodium,  the  latter  constituting  the 
residue  which  remains  in  the  bread.  This  salt  is  generally  known  as 
Rochelle  salt,  and  is  one  of  the  component  parts  of  seidlitz  powders. 
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A  seidlitz  powder  contains  120  grains  of  this  salt,  but  the  crystallized 
salt  contains  four  molecules  of  water,  and  thus  the  actual  amount  of  crys- 
tallized Rochelle  salt  formed  in  the  baking-powder  reaction  is  greater 
than  the  combined  weight  of  the  two  salts  used.  That  is  to  say,  if  184 
grains  of  bitartrate  and  84  grains  of  bicarbonate  are  used  in  a  bak- 
ing there  will  be  a  residue  in  the  dough  equal  to  282  grains  of  Eochelle 
salt.  The  directions  that  accompauy  these  powders  generally  give  two 
teaspoonfulls  as  the  proper  amount  to  use  to  the  quart  of  flour;  prob- 
ably more  is  generally  used.  This  would  be  at  least  200  grains ;  deduct- 
ing 20  per  cent,  for  the  starch  filling  we  have  160  grains  of  the  mixed 
bitartrate  and  bicarbonate,  and  this  would  form  165  grains  of  crystal- 
lized Rochelle  salt  in  the  loaf  of  bread  made  from  the  quart  of  flour,  or 
45  grains  more  than  is  contained  in  a  seidlitz  powder.  The  popular  idea 
is  that  the  chemicals  used  in  a  baking-powder  mostly  disappear  in  bak- 
ing, and  that  the  residue  left  is  very  slight.  I  doubt  if  many  persons 
understand  that  when  they  use  tartrate  powders,  which  are  considered 
to  be  the  best  class,  or  at  least  one  of  the  best  classes  of  such  powders, 
they  introduce  into  the  breads!  ufl"  very  nearly  an  equal  weight  of  the 
active  ingredient  of  seidlitz  powders,  and  in  a  loaf  of  bread  made  from 
it  they  consume  more  than  the  equivalent  of  one  such  powder. 

Yet  the  character  of  this  residue  is  probably  the  least  objectionable 
of  any  of  those  left  by  baking-powder.  Rochelle  salt  is  one  of  the  mild- 
est of  the  alkaline  salts.  The  dose  as  a  purgative  is  from  J  to  1  ounce. 
"  Given  in  small  and  repeated  doses  it  does  not  purge,  but  is  absorbed 
and  renders  the  urine  alkaline."     (United  States  Dispensatory.) 

Free  tartaric  acid,  used  instead  of  the  bitartrate  of  potassium,  would 
give  less  residue.    In  this  case  the  reaction  would  be  as  follows  : 
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Here  150  grains  of  tartaric  acid,  with  168  grains  of  bicarbonate  of 
sodium,  give  230  grains  of  residue,  or  88  grains  less  than  the  combined 
weight  of  the  two  ingredients.  As  to  the  character  of  this  residue  little 
is  said  in  regard  to  the  physiological  properties  of  tartrate  of  sodium 
in  the  books,  but  probably  it  is  essentially  similar  to  the  double  tar- 
trate.    The  United  States  Dispensatory  says  of  it  (p.  1762): 

This  salt,  in  crystals,  has  been  recommended  by  M.  Delioux  as  an  agreeable  purga- 
tive, almost  without  taste,  and  acting  with  power  equal  to  that  of  the  sulphate  of 
magnesium  in  the  dose  of  10  drachms  [600  grains]. 

I  do  not  know  why  this  combination  should  be  used  so  seldom  by 
baking-powder  manufacturers.  The  free  tartaric  acid  is  more  expen- 
sive than  the  bitartrate,  but  less  of  it  is  required  in  proportion  to  the 
amount  of  bicarbonate  used.  The  former  is  more  soluble,  and  this 
would  probably  be  a  practical  objection  to  its  use,  as  it  is  an  object  in 
baking-powders  that  the  gas  should  be  liberated  slowly.    It  would  per- 
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haps  be  more  difficult  also  to  prevent  action  of  the  free  acid  upon  the 
alkali,  so  that  the  powder  would  be  more  likely  to  deteriorate  in  keep- 
ing. Only  one  sample  among  those  I  examined  was  found  to  have  been 
made  with  the  free  acid. 

One  obstacle  formerly  encountered  in  the  manufacture  of  bitartrate 
powders  was  the  difficulty  of  obtaining  the  bitartrate  pure.  It  con- 
tained from  5  to  15  per  cent,  of  tartrate  of  lime  incident  to  the  method 
of  manufacture.  This  brought  a  large  quantity  of  inert  material  into 
the  powder  and  lowered  its  efficiency.  Bitartrate  can  now  be  had  98 
per  cent,  pure,  quoted  and  guaranteed  as  such  in  the  markets,  so  that 
there  is  no  excuse  for  manufacturers  to  use  the  impure  salt,  which  can 
properly  be  considered  adulterated. 

PHOSPHATE  POWDERS. 

The  salt  commonly  used  to  furnish  the  phosphoric  acid  in  this  class 
is  acid  phosphate  of  lime,  sometimes  called  superphosphate.  The  pure 
salt  is  monocalcic  phosphate,  CaH4(P04)2.  It  is  made  by  the  action  of 
sulphuric  acid  upon  ground  bone,  the  result  being  an  impure  monocalcic 
phosphate  with  calcium  sulphate.  This  mixture  is  sold  as  a  fertilizer, 
as  superphosphate.  The  salt  is,  of  course,  more  or  less  purified  for  use 
in  baking-powders,  but  the  sulphate  of  lime  is  very  difficult  to  get  rid 
of  entirely,  and  most  phosphate  powders  contain  considerable  amounts 
of  this  impurity.  The  reaction  which  occurs  when  a  phosphate  powder 
is  dissolved,  that  is  the  action  of  bicarbonate  of  soda  upon  monocalcic 
phosphate,  is  not  well  established,  and  perhaps  varies  somewhat  with 
conditions.    The  following  equation  probably  represents  it  fairly  well: 

234  168  136  142  88  36 

CaH4(P04)2  +  2NaHC03  =  CaHP04  -f  Na2HP04  -f  2OO2.  -f  2H2O 

Monocalcic  Bicarbonate  of         Monoliydrogen  Disodic  Carbonic         Water. 

B       phosphae.  eoda.  calcic  pbospbate.        phosphate.  dioxide. 

t  Two  hundred  and  thirty-four  grains  of  monocalcic  phosphate  com- 
fibined  with  168  grains  of  bicarbonate  of  soda  give  136  grains  of  mono- 
hydrogen  calcic  phosphate,  and  142  grams  of  disodic  phosphate.  But 
crystallized  sodic  phosphate  contains  twelve  molecules  of  water,  and 
has  a  molecular  weight  of  358.  So  the  total  amount  of  residue  from  402 
grains  of  the  powder  would  be  494  grains,  of  which  136  grains  is  phos- 
phate of  lime,  and  the  rest  phosphate  of  soda.  So  we  see  that  here 
also  the  quantity  of  chemicals  introduced  into  the  dough  is  fully  equal 
to  the  amount  of  the  baking-powder  used,  including  filling.  As  to  the 
nature  of  this  residue  in  phosphate  powders,  it  would  seem  to  be  about 
as  unobjectionable  as  in  the  tartrates.  Phosphate  of  soda  is  ^'  mildly 
purgative  in  doses  of  from  1  to  2  ounces"  (480-960  grains),  according 
to  the  United  States  Dispensatory.  Phosphates  of  calcium  have  the 
general  physiological  effect  which  is  ascribed  to  all  forms  of  phosphoric 
acid,  but  which  does  not  seem  to  be  well  understood. 
Phosphates  are  administered  therapeutically  in  some  cases  of  defec- 
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live  nutrition,  and  especially  in  scrofula,  rickets,  phthisis,  etc.  On  ac- 
count of  their  being  an  essential  constituent  of  animal  tissues  there 
would  seem  to  be  some  ground  for  a  preference  over  other  forms  of 
j)owders.  The  makers  of  phosphate  powders  claim  that  the  use  of  such 
j)Owders  restores  the  phosphoric  acid  present  in  the  whole  grain  of 
wheat,  which  is  largely  removed  in  the  bran  by  milling  processes.  This 
claim  would  have  more  weight  if  there  were  not  ample  sources  of  phos 
phoric  acid  in  other  forms  of  food,  and  if  the  quantity  introduced  by 
baking-powder  were  not  much  greater  than  is  required  to  make  up  the 
loss  in  the  bran,  and  greater  than  is  required  by  the  system,  unless  in 
those  cases  where  its  therapeutic  use  is  indicated,  as  in  some  of  the  con- 
ditions  of  malnutrition  given  above. 

Acid  i)hosphate  of  soda  is  said  to  have  been  used  in  former  years  as 
a  constituent  of  baking-powders,  but  appears  to  have  been  entirely 
superseded  by  the  lime  salt. 

ALUM  POWDEES. 

In  this  class  the  carbonic  acid  is  set  free  from  the  bicarbonate  by  the 
substitution  of  sulphuric  acid,  which  combines  with  the  sodium.  The 
sulphuric  acid  is  furnished  by  some  one  of  the  general  class  of  salts 
known  as  alums,  which  are  composed  of  a  double  sulphate  of  alumin- 
ium and  an  alkali  metal.  The  alum  is  precipitated  as  hydrate,  while 
that  portion  of  the  sulphuric  acid  which  was  combined  with  it  goes  to 
displace  the  carbonic  acid  in  the  bicarbonate.  The  alkali  sulphate  of 
the  double  salt  remains  unchanged. 

The  alum  of  commerce  is  either  potash  alum,  K2Al2(S04)4.  24H2O,  or 
ammonia  alum,  (KH4)2  AI2  (804)4.  24H2O,  the  one  or  the  other  predomi- 
natiDg  according  to  the  relative  cheapness  of  the  alkali  salt  it  con- 
tains. At  the  present  time  nothing  but  ammonia  alum  is  met  with,  but 
at  previous  periods  potash  alum  was  the  salt  sold  exclusively  as  "alum." 
Both  salts  are  alike  in  general  appearance  and  can  not  be  distinguished 
apart  by  cursory  examination. 

Potash  alum  may  be  made  directly  from  some  minerals,  such  as  the 
"alum  stone"  mined  in  Italy,  which  contain  all  the  constituents  com- 
bined. Ammonia  alum,  however,  as  well  as  most  potash  alum,  is  made 
by  the  combination  of  the  constituents  obtained  from  different  sources. 
The  sulphate  of  alumina  is  obtained  by  the  action  of  sulphuric  acid 
upon  pure  clays,  and  the  sulphate  of  ammonia  from  the  residue  of  gas- 
works. Solutions  of  the  two  salts  in  proper  proportions  are  mixed 
and  the  double  salt  obtained  by  evaporation  and  crystallization. 

Crystallized  potash  or  ammonia  alum  contains  twenty-four  molecules 
of  warer,  nearly  one-half  of  its  weight.  Part  of  this  water  is  lost  at  as 
low  a  heat  as  00°  C,  and  it  is  driven  off  entirely,  though  slowly,  at  100^ 
0.  "  Burnt  alum  "  is  simply  alum  deprived  of  its  water  of  crystalliza- 
tion, which  is  generally  driven  off  at  about  200°  0.  Ammonia  alum 
decomposes  at  205°  0. 5  potash  alum  at  a  somewhat  higher  temperature. 
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Burnt  alum  is  somewhat  hygroscopic,  but  dissolves  more  slowly  in 
water  than  the  crystallized  salt. 

1  have  been  unable  to  ascertain  in  what  condition  the  alum  is  used  for 
compounding  baking-powders.  Burnt  alum  would  seem  to  be  the  form 
best  adapted  for  this  purpose  on  account  of  its  slow  solubility.  Professor 
Cornwall  says  this  is  the  form  ^  used,  but  does  not  state  how  he  obtained 
the  information ;  and  he  states  further  that  "crystallized  alums  may  be 
used  in  connection  with  burnt  alum  to  secure  at  first  a  more  rapid  escape 
of  carbonic-acid  gas."  It  is  probable  that  the  amount  of  drying  given  the 
alum  used  differs  with  different  manufacturers,  but  it  is  not  likely  that 
the  water  of  crystallization  is  entirely  driven  off. 

The  following  equation  shows  the  reaction  taking  place  in  a  baking- 
powder  made  with  burnt  ammonia  alum  : 

475  504  157 

(NH4)2Al2(S04)4        +       6^aHC03       =       Al2(OH)6        + 

Sulphate  of  aluminium  Bicarbonate  of  soda.  Hydrate  of  alnmin- 

and  ammonia,  or  inm. 

"burnt  alum." 

426  132  264 

3Na2S04       -H       (NH4)2S04       +      6CO2 

Sulphate  of  soda.  Sulphate  of  am-  Carbonic  dioxide! 

monia. 

If  potash  alum  were  used  the  reaction  would  be  precisely  the  same 
with  the  substitution  of  potassium  for  ammonia  wherever  it  occurs  in 
the  equation,  sulphate  of  potash  being  formed  instead  of  sulphate  of 
ammonia. 

A  study  of  the  equation  will  show  that  475  grains  of  burnt  alum  with 
504  grains  of  bicarbonate  will  produce  264  grains  of  carbonic  acid  and 
leave  a  residue  consisting  of  426  grains  of  sulphate  of  soda,  132  grains 
of  sulphate  of  ammonia,  and  157  grains  of  hydrate  of  aluminium,  the 
last  named  being  a  precipitate  insoluble  in  water.  Sulphate  of  soda 
crystallizes  with  ten  molecules  of  water,  so  that  the  total  weight  of  resi- 
due from  the  979  grains  of  mixed  chemicals  would  be  1,255  grains.  If 
a  hydrated  alum  is  used  in  the  powder,  the  i)roportion  of  residue  to 
powder  would  of  course  be  less,  and  the  proportion  of  gas  evolved 
would  also  be  less.  The  character  of  the  residue  is  seen  to  be  more  com- 
plex than  is  the  case  with  any  of  the  classes  previously  discussed,  and 
deserves  special  attention.  The  sulphate  of  soda  is  similar  to  other  al- 
kali salts  in  its  physiological  action.  Sulphate  of  ammonia  is  not 
used  therai3eutically,  but  probably  has  an  action  similar  to  that  of  other 
ammonia  salts,  such  as  the  chloride.  Professor  Cornwall,^  in  his  report, 
speaks  as  follows  concerning  this  point : 

It  is  possible,  liovvever,  that  too  little  attention  has  been  paid  to  the  presence  of 
ammonium  salts  in  the  residues  from  ammonia  alum  powders.  *  »  *  We  do  know, 
however,  that  ammonia  salts,  in  general,  are  much  more  irritating  and  stimulating 
in  their  action  than  the  corresponding  soda  salts,  or  even  than  the  potash  salts. 
For  instance,  Stills  and  Maisch,  speaking  of  ammonium  bromide,  state  that  it  has  a 

^Report  of  the  Dairy  Commissioner  of  New  Jersey,  1888,  p.  70.      ^Op.  cit.,  p.  77. 
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more  acrid  taste  and  is  more  irritating  than  potassium  bromide.  Its  unpleasant  taste 
and  irritating  qualities  render  it  less  convenient  for  administration  than  the  bromide 
of  potassium. 

We  all  know  how  mild  a  substance  is  chloride  of  sodium  (common  table  salt) ;  but 
of  ammonium  chloride  Stills  and  Maisch  write :  "The  direct  effects  of  doses  of  5  to  20 
grains  of  this  salt,  repeated  at  intervals  of  several  hours,  are  a  sense  of  oppression, 
warmth,  and  uneasiness  in  the  stomach,  some  fullness  in  the  head.  If  it  is  used  for 
many  days  together  in  full  doses,  it  disturbs  the  digestion,  coats  the  tongue,  and  im- 
pairs the  appetite."  We  have  already  seen  how  active  a  drug  carbonate  of  ammonia 
is,  and  while,  in  the  absence  of  proof,  it  would  be  rash  to  assert  that  sulphate  of 
ammonia  in  five-grain  doses  is  certainly  injurious,  yet  there  is  abundant  ground  for 
further  investigating  its  effect  before  asserting  that  it  is  milder  in  its  effects  than 
Rochelle  salt.  It  may  be  that  this  question  of  the  presence  of  ammonium  salts  in 
any  considerable  quantities  in  the  residues  of  baking-powders  deserves  more  at- 
tention than  it  has  hitherto  received. 

It  would  seem  from  the  above  that  there  would  be  considerable  differ- 
ence between  the  physiological  effects  of  potash  and  ammonia  alums 
themselves.  Yet  the  medical  authorities  make  no  such  distinction. 
Ammonia  alum  is  officinal  in  the  British  Pharmacopoeia,  and  while  the 
United  States  Pharmacopoeia  specifies  potash  alum,  the  particular  form 
met  with  in  trade  is  entirely  determined  by  the  comparative  cheapness 
of  manufacture. 

The  question  of  the  relative  harmfulness  of  these  different  salts  in  the 
residues  of  baking-powders  is  really  one  for  the  physiologist  or  hygienist 
to  decide,  not  the  chemist.  Physiological  experiments  alone  can  decide 
them  positively. 

The  consideration  of  the  residue  of  hydrate  of  aluminium  will  be 
taken  up  later  on. 

POWDERS  CONTAINING-  MORE  THAN  ONE  ACID  INGREDIENT. 

As  might  be  expected,  some  powders  are  met  with  which  have  been 
made  up  with  various  proportions  of  different  acid  ingredients,  and 
which  belong  therefore  to  more  than  one  of  the  above-mentioned  classes. 
Professor  Cornwall  speaks  as  follows  concerning  some  of  these  mixed 
powders : 

The  makers  of  alum  baking-powders  sometimes  add  tartaric  acid  or  bitartrate 
to  their  powders,  either  with  or  without  the  addition  of  acid  phosphate  of  lime. 
This  is  doubtless  done  with  the  best  intentions,  either  to  secure  a  more  rapid  escape 
of  carbonic-acid  gas  at  the  outset,  or  otherwise  improve  the  powder.  We  have  found 
such  additions  in  the  case  of  several  of  our  samples,  but  the  presence  of  tartaric  acid 
or  tartrates  in  alum  i^owders  is  very  objectiouable.  If  added  in  sufficient  quantity 
to  otherwise  pure  alum  powders,  they  prevent  the  precipitation  of  the  ins.luble  hy- 
drate of  aluminium  entirely  when  the  powder  is  boiled  with  water,  and  they  may  ren- 
der much  of  the  alumina  soluble  iu  water  even  after  the  bread  is  baked.  Without 
doubt  it  would  then  be  readily  soluble  in  the  digestive  organs,  producing  there  the 
effects  due  to  alum  or  any  other  soluble  aluminium  compound.  With  one  of  our  sam- 
ples we  found  that  the  simple  water  solution  seemed  to  contain  as  much  alumina  as  a 
nitric-acid  solution.  In  neither  of  these  solutions  could  any  of  the  alumina  be  thrown 
down  by  a  slight  excess  of  ammonia  water,  although  it  was  readily  precipitated  from 
the  solution  first  rendered  alkaline  with  caustic  soda,  then  slightly  acidified  with 
acetic  acid  and  boiled  with  excess  of  phosphate  of  soda. 
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A  case  in  wbich  the  character  of  the  powder  appears  to  be  improved 
by  such  mixiug,  however,  is  furnished  hj  the 

ALUM  AND   PHOSPHATE   POWDERS. 

This  combination  seems  to  be  a  favorite  one  with  manufacturers.  In 
fact  there  are  now  comparatively  few  "  straight"  alum  powders  in  the 
market,  most  of  the  cheaper  grades  being  made  of  mixtures  in  various 
proportions  of  the  alum  with  acid  phosphate  of  lime.  The  reaction  it 
is  intended  to  obtain  is  probably  the  following  : 

475  234  336  245 

(NHOa  Al2(S04)4    +    OaH,(P04)2    +     4NaHC03    =    Al2(P04)2  + 

Ammonia  alum.  Acid  phosphate  Bicarbonate  of  Phosphate   of 

of  lime.  soda.  aluminium. 

136  132  284  176  72 

CaS04   +  ■  (:N'H4)2S04    +  2KH2SO4    +     4CO2    +    4H2O 

Sulphate  Sulphate  of  Sulphate  of  Carbonic-  Water, 

of  lime.  alaminium.  soda.  dioxide. 

If  this  equation  be  compared  with  the  one  representing  the  reaction 
in  a  powder  made  with  alum  alone,  on  page  569,  it  will  be  seen  that  in 
the  former  the  alum  goes  into  the  residue  as  phosphate  instead  of 
hydrate,  and  the  insoluble  sulphate  of  lime  takes  the  place  of  one  mole- 
cule of  sulphate  of  soda.  Otherwise  the  reactions  are  similar.  This 
reaction  will  only  take  place,  of  course,  when  the  different  ingredients 
are  mixed  in  just  the  proper  proportions  to  produce  it.  A  number  of 
variations  may  be  produced  by  changing  the  relative  proportions  of  the 
different  ingredients. 

THE  "ALUM  aUESTION." 

The  literature  upon  the  subject  of  the  use  of  alum  in  baking-powders, 
and  upon  the  question  as  to  its  injurious  effect  upon  the  health  of  those 
who  consume  the  bread  made  from  it,  is  already  quite  extensive,  and  if 
quoted  entire  would  fill  a  fair-sized  volume.  For  the  benefit  of  those 
who  may  desire  to  make  an  exhaustive  study  of  it,  I  will  make  refer- 
ence to  all  of  the  articles  bearing  upon  the  subject  that  have  come  un- 
der my  observation  as  follows  : 

Alum  in  baking-powder,  by  Prof.  E.  G.  Patrick. — Scientific  American  Supplement  No. 
185,  7,  p.  2940. 

Report  of  proceediugs  in  the  Norfolk  baking-powder  case  (first  trial). — Analyst,  i,p. 
231. 

Norfolk  baking-powder  case  (second  trial). — Ihid.,5,p.  21. 

Editorial  comment  on  the  case. — Ibid.,  5,  pp.  13  and  34. 

On  the  action  of  alum  in  bread  making,  by  J.  West  Knights. — Ibid.,  5,  j)-  67. 

Cereals  and  the  products  and  accessories  of  flour  and  bread  foods,  by  E.  G.  Love, 
Ph.  B.— Second  Annual  Report  State  Board  of  Heal  Hi  of  Xeiv  Tori;  1882,  p.  567. 

On  the  solubility  of  alumina  residues  from  baking-powders,  by  Lucius  Pitkin. — 
Journal  American  Chemical  Society,  9,  jj.  27. 

Experiments  upon  alum  baking-powders  and  the  effects  upon  digestion  of  the  resi- 
dues left  therefrom  in  bread,  by  Prof.  J,  AV,  Mallet.— Chemical  Xeics,  58,  pp.  276  and 
284. 
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As  I  have  previously  indicated,  the  matter  of  the  physiological  effect 
of  the  residues  left  by  baking  powders  is  not  properly  a  chemical  prob- 
lem. On  account  of  the  interest  and  importance  attached  to  it,  how- 
ever, it  would  seem  necessary  to  give  here  somewhat  of  a  resume  of  the 
subject  without  attempting  to  arrive  at  a  definite  conclusion,  or  to  set- 
tle, arbitrarily,  the  question  as  to  whether  the  sale  of  certain  forms  of 
powders  should  be  prohibited. 

For  a  proper  understanding  of  the  alum  question  it  is  necessary  to 
explain  that  the  use  of  alum  in  bread-making  is  prohibited  in  countries 
having  food- adulteration  laws,  such  as  England  and  France.  This  is 
partly  on  account  of  its  injurious  effect  upon  the  system,  but  principally 
because  of  its  peculiar  action,  not  yet  well  understood,  in  improving 
the  color  and  appearance  of  the  bread  to  which  it  has  been  added,  so 
that  a  flour  of  inferior  grade,  or  even  partially  spoiled,  may  be  used  to 
make  bread  which  will  look  as  well,  to  all  appearances,  as  bread  made 
from  much  better  grades. 

Blyth  ^  speaks  as  follows  of  this  use  of  alum  in  bread  : 

Alum  js  added  to  bad  or  slightly  damaged  flour  by  both  the  miller  and  the  baker. 
Its  action,  according  to  Liebig,  is  to  render  insoluble  gluten  which  has  been  made 
soluble  by  acetic  or  lactic  acids  developed  in  damp  flour,  and  it  hence  stops  the  undue 
conversion  of  starch  into  dextrine  or  sugar.  The  influence  of  alum  on  healtb,  in  the 
small  quantities  in  which  it  is  usually  added  to  bread,  is  very  problematical,  and 
rests  ui)on  theory  more  than  observation.  But  notwithstanding  the  obscurity  as  to 
its  action  on  the  economy  there  can  be  no  difference  of  opinion  that  it  is  a  serious 
adulteration,  and  not  to  be  permitted. 

Allen  2  says : 

Alum,  or  an  equivalent  preparation  containing  aluminium,  is  by  far  the  most  com- 
mon mineral  adulterant  of  bread,  though  its  use  has  greatly  decreased  of  late  years. 
Its  action  in  increasing  the  whiteness  and  apparent  quality  of  inferior  floui  is  un- 
questionable, though  the  cause  of  its  influence  has  not  been  clearly  ascertained. 
Whether  there  be  sufQcient  foundation  for  the  statements  made  respecting  the  in- 
jurious effects  of  alumed  bread  on  the  system  is  still  an  open  question. 

The  following  is  from  Hassall;^ 

With  reference  to  the  use  of  alum,  Dr.  Dauglish  has  written  :  ''Its  effect  on  the  sys- 
tem is  that  of  a  topical  astringent  on  the  surface  of  the  alimentary  canal,  producing 
constipation  and  deranging  the  process  of  absorption.  But  its  action  in  neutralizing 
the  efficacy  of  the  digestive  solvents  is  by  far  the  most  important  and  unquestionable. 
The  very  purpose  for  which  it  is  used  by  the  baker  is  the  prevention  of  those  early 
stages  of  solution  which  spoil  the  color  and  lightness  of  the  bread  whilst  it  is  being 
prepared,  and  which  it  does  most  effectually ;  but  it  does  more  than  needed,  for, 
whilst  it  prevents  solution  at  a  time  that  is  not  desirable,  it  also  continues  its  effects 
when  taken  into  the  stomach,  and  the  consequence  is  that  a  large  portion  of  the 
gluten  and  other  valuable  constituents  of  the  flour  are  never  properly  dissolved,  but 
pass  through  the  alimentary  canal  without  affording  any  nourishment  whatever." 

The  manufacturers  of  alum  baking-powders,  however,  claim  that  the 
hydrate  of  aluminium  which  is  left  in  the  residue  is  insoluble  in  the 

1  Foods,  Composition  and  Analysi  ,  p.  168. 

2  Commercial  Organic  Analysis,  1,  p.  371. 

3  Food,  its  Adulterations,  and  the  Methods  for  their  Detection,  p.  344. 
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digestive  juices,  and  therefore  does  not  produce  the  effect  which  is 
attributed  to  the  soluble  forms  of  alum.  Aluminium  hydrate  is  insolu- 
ble in  water,  but  readily  soluble  in  dilute  acids,  especially  when  freshly 
precipitated.  When  heated  it  gradually  loses  its  water  of  hydration, 
but  does  not  part  with  it  entirely  short  of  a  very  high  heat.  When 
completely  dehydrated  it  is  insoluble  even  in  dilute  acid.  It  never 
reaches  this  condition  in  baked  bread,  in  which  the  temperature  proba- 
bly never,  in  the  center  of  the  loaf,  at  least,  exceeds  100^  G. 

Phosphate  of  aluminium  is  somewhat  less  soluble  in  dilute  acids  than 
the  hydrate.  In  the  Norfolk  case  an  effort  was  made  by  the  prosecu- 
tion to  show  that  the  soluble  phosphates  contained  in  the  ash  of  flour 
combined  with  the  alum  to  form  phosphate  of  aluminium,  thus  render- 
ing them  insoluble  in  the  digestive  juices,  and  depriving  the  flour  of  an 
important  constituent,  and  considerable  evidence  was  offered  by  the 
defense  to  show  that  this  was  not  the  case.  Whether  the  addition  to 
alum  powders  of  sufficient  acid  phosphate  to  combine  with  the  aluminium 
present  as  phosphate  was  the  result  of  this  discussion  or  not  I  can  not 
say,  but  it  is  certain  that  most  of  the  alum  powders  now  met  with  are 
made  in  this  way,  so  that  if  such  a  prosecution  were  to  occur  to  day  the 
relative  position  of  the  parties  would  be  reversed.  It  would  be  to  the 
interest  of  the  alum-powder  makers  to  show  that  phosphate  of  aluminium 
is  insoluble  in  the  alimentary  canal.  The  solubility  of  these  compounds 
in  water  or  dilute  acids  is,  of  course,  a  question  readily  answered  by  any 
chemist,  but  their  solubility  in  the  complex  and  various  alimentary  fluids, 
and  under  the  conditions  of  natural  digestion  in  the  human  body,  is  quite 
another  matter.  As  might  be  expected,  the  testimony  which  has  been 
published  upon  this  point  is  of  the  most  conflicting  character.  Professor 
Patrick,  experimenting  upon  cats,  found  little  or  no  solution  of  hydrate 
of  aluminium.  Professor  Pitkin,  experimenting  with  gastric  juice  ob- 
tained from  a  dog,  found  some  solution,  although  he  used  phosphoric 
acid  in  his  powder.  Professor  Mallet,  using  an  artificial  gastric  juice, 
found  some  solution  to  occur,  even  with  the  phosphate,  and  considerably 
more  with  the  hydrate.  It  is  not  difficult  to  find  reasons  for  such  dis- 
agreement in  results,  for,  besides  the  various  character  of  the  solvents 
used  and  the  different  conditions  prevailing,  it  is  easy  to  see  that  even  if 
the  hydrate  and  phosphate  of  aluminium  were  themselves  entirely  in- 
soluble, more  or  less  aluminium  would  escape  the  reaction,  either  from 
imperfect  mixing  of  the  powder  in  the  dough  or  from  improper  propor- 
tioning of  the  different  ingredients  in  the  powder  itself,  so  that  it  would 
go  into  the  residue  in  the  form  of  the  original  salt.  With  powders 
specially  prepared,  on  the  other  hand,  and  very  carefully  mixed,  and 
kneaded  up  thoroughly  with  the  dough,  it  might  be  possible  to  find 
but  a  very  little  dissolved  in  the  digestive  fluids  under  certain  con- 
ditions, even  though  the  salts  formed  were  slightly  soluble  in  such 
fluids. 
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From  the  various  evidence  that  has  been  produced  on  both  sides  of 
the  question,  I  think  the  following  conclusions  may  be  safely  drawn : 

(1)  That  form  of  alum  powder  in  which  sufficient  phosphate  is  added 
to  combine  with  all  the  aluminium  present  is  abetter  form,  and  less  apt 
to  bring  alum  into  the  system  than  where  alum  alone  is  used. 

(2)  It  must  be  expected  that  small  quantities,  at  least,  of  alum  will 
be  absorbed  by  the  digestive  fluids  where  any  form  of  powder  contain- 
ing it  is  used. 

(3)  Whether  the  absorption  of  small  quantities  of  alum  into  the  hu- 
man system  would  be  productive  of  serious  effects  is  still  an  open  ques- 
tion, and  one  that  careful  i)hysiological  experiment  alone  can  decide. 

As  the  experiments  made  by  Professor  Mallet  are  the  most  recent  on 
this  subject,  I  quote  here  his  conclusions.  I  may  say  that  most  of  those 
based  upon  purely  chemical  work  I  can  indorse,  having  confirmed  many 
in  my  own  work,  but  I  think  the  evidence  furnished  by  his  physiological 
work  is  hardly  sufficient  to  justify  his  conclusion  as  to  the  harmfulness 
of  such  powders. 

GENERAL   SUMMARY  OF    THE   CONCLUSIONS   REACHED. ^ 

The  main  points  which  seem  to  be  established  by  the  experiments  under  discussion 
are,  briefly  stated,  the  following  : 

(a)  The  greater  part  of  the  alum  baking-powders  in  the  American  market  are 
made  with  alum,  the  acid  phosphate  of  calcium,  bicarbonate  of  sodium,  and  starch. 

(&)  These  powders,  as  found  in  retail  trade,  give  off  very  different  proportions  of 
carbonic-acid  gas,  and  therefore  require  to  be  used  in  different  proportion  with  the 
same  quantity  of  flour,  some  of  the  inferior  powders  in  largely  increased  amount  to 
produce  the  requisite  porosity  in  bread. 

(c)  In  these  powders  there  is  generally  present  an  excess  of  the  alkaline  ingredient, 
but  this  excess  varies  in  amount,  and  there  is  sometimes  found  on  the  contrary  an 
excess  of  acid  material. 

(d)  On  moistening  with  water  these  powders,  even  when  containing  an  excess  of 
alkaline  material,  yield  small  quantities  of  aluminium  and  calcium  in  a  soluble  con- 
dition. 

(e)  As  a  consequence  of  the  common  employment  of  calcium-acid  phosphate  along 
with  alum  in  the  manufacture  of  baking-powders,  these,  after  use  in  bread-making, 
leave,  at  any  rate,  most  of  their  aluminium  in  the  form  of  phosphate.  "When  alum 
alone  is  used  the  phosphate  is  replaced  by  hydroxide. 

(/■)  The  temperature  to  which  the  interior  of  bread  is  exposed  in  baking  does  not 
exceed  212°  F. 

(g)  At  the  temperature  of  212°  F.  neither  the  ''water  of  combination"  of 
aluminium  hydroxide  nor  the  whole  of  the  associated  water  of  either  this  or  the  phos- 
phate is  removed  in  baking  bread  containing  these  substances  as  residues  from  bak- 
ing-powder. 

(h)  In  doses  not  very  greatly  exceeding  such  quantities  as  may  be  derived  from 
bread  as  commonly  used,  aluminium  hydroxide  and  phosphate  produce,  or  produced 
in  experiments  upon  myself,  an  inhibitory  effect  upon  gastric  digestion. 

(i)  This  effect  is  probably  a  consequence  of  the  fact  that  a  part  of  the  aluminium 
unites  with  the  acid  of  the  gastric  juice  and  is  taken  up  into  solution,  while  at  the 
same  time  the  remainder  of  the  aluminium  hydroxide  or  phosphate  throws  down  in 
insoluble  form  the  organic  substance  constituting  the  peptic  ferment. 

1  Chemical  News,  58,  276 ;  also  published  in  pamphlet  form. 
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(h)  Partial  precipitation  in  insoluble  form  of  some  of  the  organic  matter  of  food 
may  probablj^  also  be  broiigbt  about  by  the  presence  of  the  aluminium  compounds  in 
question. 

(I)  From  the  general  nature  of  the  results  obtained,  the  conclusion  may  fairly  be 
deduced  that,  not  only  alum  itself,  but  the  residues  which  its  use  in  baking-powder 
leaves  in  bread,  can  not  be  viewed  as  harmless,  but  must  be  ranked  as  objectionable, 
and  should  be  avoided  when  the  object  aimed  at  is  the  production  of  wholesome 
bread. 


COMPARISON  OF  THE  DIFFERENT  CLASSES  OF  POWDERS  IN  RE- 
SPECT TO  THEIR  RELATIVE  AERATING  STRENGTH  AND  THE 
AMOUNT  OF  RESIDUE  LEFT  BY  EACH. 

The  following  comparisoQ  of  the  different  powders  described  may 
prove  interesting.  It  is  assumed,  of  course,  that  the  ingredients  are 
combined  in  exactly  the  proper  proportions,  and  that  all  the  chemicals 
used  are  of  full  purity  and  strength: 


Powders. 


Tartrate , 

Phosphate , 

Alum 

Alum  and  phosphat 


Carbonic- 
acid  gas. 


Per  cent. 
16 
22 

27 
17 


Total  resi- 
due of  The 
weight  of 
chemicals 
used. 


Per  cent. 
104 
123 
128 
111 


From  this  it  will  be  seen  that  a  tartrate  powder,  theoretically,  gives 
the  lowest  percentage  of  carbonic-acid  gas  in  proportion  to  the  weight 
of  chemicals  used  in  its  composition,  together  with  the  least  weight  of 
residue ;  and  a  straight  alum  powder  gives  the  highest  proportion  of 
gas,  with  the  greatest  weight  of  residue.  It  is  assumed  that  burnt  alum 
is  used  in  both  the  alum  and  the  alum  and  phosphate  powders.  The 
residues  are  calculated  to  hydrated  salts  in  all  cases.  No  account  is 
made  of  inert  ^'filling,"  as  that  would  be  the  same  in  each  case.  It 
should  of  course  be  remembered  that  in  the  above  calculation  the  total 
iceiglit  of  residue  is  reckoned  in  each  case  without  regard  to  solubility 
or  relative  effect  upon  the  system  of  the  various  salts  formed.  This  has 
been  sufiOiciently  discussed  under  the  different  classes. 

CARBONATE   OF  AMMONIA. 


This  salt  is  used  to  some  extent  as  an  ingredient  in  baking-powders. 
It  is  also  often  used  alone  by  bakers  as  a  chemical  aerating  agent.  It 
does  not  necessarily  require  an  acid  to  set  free  its  gases,  being  vola- 
tilized without  decomposition  simply  in  heating.  The  commercial  salt, 
familiar  to  everybody  as  "^  smelling-salts,"  or  sal  volatile^  is  obtained  by 
subliming  a  mixture  of  two  parts  of  chalk  and  one  part  of  sal  ammoniac 
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or  sulphate  of  aminouia.  The  salt  is  then  resublimed  with  the  addition 
of  some  water,  and  a  white  semi- transparent  mass  is  obtained,  which 
has  a  strongly  ammoniacal  smell,  and  a  pungent,  caustic  taste.  It  has 
the  composition  !N"3HnC205,  and  consists  of  a  compound  of  hydrogen  am- 
monium carbonate  with  ammonium  carbonate,  H(NH4)C03  +  KH4CO2 
NH2.  "When  heated  the  salt  is  wholly  dissipated,  without  charring; 
if  the  aqueous  solution  is  heated  to  near  47^0.  it  begins  to  lose  carbonic- 
acid  gas,  and  at  88°  it  begins  to  give  off  vapor  of  ammonia."  (United 
States  Pharmacopoeia.)  The  question  of  the  propriety  of  the  use  of 
this  salt  in  baking  does  not  seem  to  have  received  a  great  deal  of  atten- 
tion, and  opinions  differ.     Hassall  ^  says  of  it : 

*  *  *  Of  tliescby  far  the  best  is  carbonate  of  ammonia  ;  this  is  a  volatile  salt, 
and  its  great  advantage  is  that  it  is  entirely  or  almost  entirely  dissipated  by  the  heat 
employed  in  the  preparation  of  the  bread  ;  and  thus  the  necessary  effect  is  produced 
without  risk  of  injurious  results  ensuing. 

This  would  doubtless  hold  good  if  it  were  quite  certain  that  the  salt 
is  entirely  driven  off  by  the  baking  of  the  bread,  for  it  is  a  very  active 
therapeutic  agent,  acting  as  a  corrosive  poison  when  taken  in  sufficient 
amount.  The  ordinary  dose  is  five  grains.  Doubtless  in  the  small 
quantities  used  in  baking-powders,  and  in  the  presence  of  other  chem- 
icals, there  is  little  danger  of  its  being  left  in  the  bread  undecomposed, 
but  the  advisability  of  its  use  alone  as  an  aerating  agent  is  open  to 
grave  doubt. 

COMPOSITION  OF  BAKING-POWDERS  AS  FOUND  IN  THE  MARKET. 

The  following  analyses  and  discussion,  by  Prof.  H.  A.  Weber,  form 
a  part  of  the  Annual  Keport  of  the  Ohio  State  Dairy  and  Food  Com- 
missioner for  1887  : 

BAEIXa-PO  WDEES. 

Much  complaint  has  been  made  to  this  commission  of  the  character  of  the  baking- 
powders  of  commerce.  It  was  believed  by  many  that  there  was  a  great  deal  of  adult- 
eration and  impurity  in  the  ordinary  baking-powders  used  by  our  people,  and  that 
the  public  health  was  seriously  affected  thereby.  Eecognizingthe  importance  of  this 
matter  to  the  health  and  domestic  economy  of  the  people  of  the  State,  I  gave  public 
notice  of  my  purpose  to  investigate  the  purity  and  healthfuluess  of  the  various  brands 
of  the  baking-powders  of  commerce.  I  sought  all  possible  information  on  this  sub- 
ject, and  collected  and  submitted  to  analysis  by  the  State  chemist  thirty  brands  of 
baking-powders,  such  as  I  found  on  sale  in  many  sections  of  the  State.  In  September 
the  result  of  these  investigations  and  analyses  was  published  in  an  official  circular 
for  the  benefit  of  the  consumers  of  this  class  of  goods.  There  was  no  thought,  wish, 
or  purpose  upon  the  part  of  this  commission  to  aid  or  to  defeat  the  enterprise  of  any 
manufacturer  of  these  goods.  Indeed,  we.  had  not  any  possible  intimation  as  to  what 
the  analysis  would  show  in  any  particular  brand  until  the  work  was  accomplished. 
There  was  simply  the  impartial  purpose  to  inform  the  public  as  to  the  chemical  com- 
position of  the  several  brands  sold  by  the  trade  throughout  the  State,  so  that  with 
the  knowledge  of  the  facts  they  might  not  claim  that  they  were  being  defrauded  or 
imposed  upon,  but  be  able  intelligently  to  choose  the  goods  they  deemed  most  health- 

1  Page  345. 
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ful  and  desirable.  This  circular  with  its  analysis  has  attracted  so  much  attention 
throughout  the  State  and  country  and  is  of  such  significance  as  to  demand  a  place  in 
this  report,  and  it  is  therefore  given  here  in  full. 

Circular  No.  6. — Baking-Powders. 

This  commission  has  been  for  some  months  investigating  the  baking-powders  of 
commerce  most  generally  used  and  sold  in  this  State.  And  we  herein  submit  to  the 
people  of  the  State  the  result  of  that  investigation. 

We  have  analyzed  thirty  brands  of  baking-powder,  seeking  those  brands  which 
were  apparently  most  generally  sold  throughout  the  State.  We  submit  the  result  of 
these  analyses  to  the  people  who  are  the  consumers  of  such  goods  that  they  may  know 
the  true  chemical  character  of  these  several  varieties. 

It  is  generally  supposed  that  there  is  a  vast  deal  of  "  adulteration"  in  baking-pow- 
der, but  since  there  is  at  law  no  standard  of  excellence  or  purity  in  bakiug-j^owder, 
it  is  difficult  to  say  what  is  an  adulteration,  unless  it  be  an  unhealthful  ingredient. 

As  a  matter  of  fact,  any  powdered  composition  that  is  healthful  and  which  in  solu- 
tion in  moist  dough  wiirgeuerate  carbonic-acid  gas  and  "raise"  bread,  or  cause  it  to 
be  porous  and  light,  may  be  properly  called  a  baking-powder.  And  accordingly  we 
find  very  many  varieties  or  brands  of  baking-powders  on  the  market  made  from 
widely-different  materials. 

The  best  baking-powder  is,  of  course,  that  in  which  (the  ingredients  being  health- 
ful) the  largest  amount  of  carbonic  gas  is  generated  to  the  spoonful  of  powder,  and 
the  least  amount  and  least  hurtful  character  of  the  resultant  salt  remains  in  the 
bread. 

For  an  intelligent  view  of  the  whole  field  we  classify  these  varieties  into  three 
general  divisions.  In  each  of  these  the  active  agents  of  the  compound  are  kept  dry, 
and  thus  free  from  fermentation  in  the  package,  by  the  use  of  a  given  per  cent,  of 
starch,  wheat  flour,  or  rice  flour.  These  are  used  simply  as  dry  filling  to  keep  the 
chemical  agents  from  acting  upon  each  other  in  the  package. 

In  this  classification  we  have — 

(1)  Cream  of  tartar  baking-powders. 

(2)  Phosphate  baking-powders. 

(3)  Alum  baking-powders. 

The  chemical  formula  and  the  percentages  of  the  active  agents  vary  with  each 
brand.     But  generally  stated  we  have  in  the 

first  class. 

Bicarbonate  oV  soda   (^^^^g®*^  ^y  chemical  action  in  the  dough  to  the  double  salt  of 


Dicaruonaie  01  soaa,  >     .     ^    ^   "  £      ^      •  -,      -,•  ^        ,      •        • -, 

Starch  or  flour  S     tartrate  of  potassium  and  sodium,  and  carbonic-acid  gas. 


The  cream  of  tartar  and  bicarbonate  of  soda,  dissolved  by  the  water  or  moisture  in 
the  dough,  unite  chemically  and  form  in  the  bread  the  double  salt  of  tartrate  of 
potassium  and  sodium,  and  carbonic-acid  gas,  the  latter  escaping  in  the  baking 
heat. 


SECOND  CLASS. 


B^carb^onate^of  soda  ^  ^'  C Changed  by   chemical    action    into   calcium  phosphate, 
Starch  or  flour  '  S     sodium  phosphate,  and  carbonic-acid  gas. 

THIRD   CLASS. 

Bicarbonate  of  soda      (Changed  by  chemical  action  into  hydrate  of  aluminium,  so- 
Starch  or  flour  '     S     dium  sulphate,  ammonium  sulphate,  and  carbonic-acid  gas. 

In  some  brands  of  the  cream  of  tartar  baking-powder  a  small  per  cent,  of  carbonate 
of  ammonia  is  used  ;  but  this  is  considered  to  be  too  small  an  amount  to  be  hurtful. 
There  is  a  prevalent  belief  created  by  the  erroneous  statement  of  manufacturers,  that 
the  salts  from  which  carbonic-acid  gas  is  generated  pass  ofl"  in  the  form  of  escaping 
gas,  scarcely  leaving  a  trace  of  their  presence  in  the  bread.  But  this  is  not  true. 
These  resultant  salts  formed  by  the  chemical  action  in  the  dough  remain  in  the 
bread,  while  the  gas  generated  by  such  chemical  action,  and  which  is  but  a  small  per 
cent,  of  the  whole,  alooe  passes  otf  in  the  process  of  baking. 

From  this  fact  many  persons  condemn  the  entire  class  of  alum  baking-powders  as 
being  unhealthful.    Pure  alum  is  undoubtedly  a  hurtful  salt,  and  the  resultant  salts 
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from  its  combination  with  soda  can  scarcely  be  less  hurtful.  And  yet  this  is  a  ques- 
tion about  which  ''  doctors  disagree  ;  "  any  number  of  conflicting  opinions  and  cer- 
tificates can  be  had  from  eminent  chemists  on  either  side  of  this  question. 

The  official  investigation  of  this  class  of  baking-powders  made  in  England  to  test 
their  healthfulness  resulted  in  their  favor.  But  this  conclusion  rested  upon  the 
statement  of  chemists  that  the  resultant  salt  of  hydrate  of  aluminium  remaining  in 
the  bread  was  insoluble,  and  hence  unhurtful  when  taken  into  the  stomach.  But 
some  of  the  ablest  chemists  of  this  country  declare  that  hydrate  of  aluminium  is  quite 
soluble,  and  hence  is  as  hurtful  as  the  alum  in  other  forms.  So  that  the  question  is 
yet  an  open  one  to  be  determined  by  further  careful  scientific  investigation. 

As  to  the  general  healthfulness  of  cream  of  tartar  and  phosphate  baking-powders 
when  properly  used,  there  is  but  little  difference  of  opinion ;  but  an  intelligent 
knowledge  of  their  strength  and  freshness  and  of  the  manner  and  rapidity  of  the 
chemical  combinations  in  the  process  of  bread-making  is  necessary  to  the  baker  in 
order  to  insure  good  bread. 

These  thirty  brands  were  analyzed  very  carefully  by  Prof  H.  A.  Weber,  State 
chemist  at  Columbus,  Ohio,  and  are  such  as  are  generally  sold  throughout  the  State. 
The  condition  of  some  of  these  brands  was  not  such  as  to  show  them  at  their  best 
advantage,  since  some  were  old  while  others  were  fresh.  But  since  they  were  bought 
in  the  open  market  without  discrimination,  they  fairly  present  what  the  consumer 
must  buy. 

S.  H.  Hurst, 
OJiio  Dairy  and  Food  Commissioner. 
General  S.  H.  Hurst, 

Ohio  Dairy  and  Food  Commissioner  : 

Sir  :  The  following  is  a  complete  report  of  the  analyses  of  baking-powders  received 
June  3  and  July  7,  1«87  : 

The  list,  as  will  be  seen  from  the  analyses,  includes  three  kinds  of  baking-pow- 
ders, in  which  the  acid  principle  is  respectively  cream  of  tartar,  acid  phosphate  of 
calcium,  and  alum. 

The  carbonic  acid  evolved  with  Avater  was  determined  with  great  care,  and  from 
this  the  amount  of  bicarbonate  of  soda  and  the  acid  principle  was  calculated  accord- 
ing to  well-known  reactions. 

The  starch,  or  as  in  some  cases  the  flour,  was  determined  directly,  due  allowance 
being  made  in  case  of  the  alum  powders  for  the  loss  of  water  of  the  aluminium  hy- 
droxide in  the  dried  residue  upon  ignition. 

Accidental  impurities  of  commercial  drugs  were  not  taken  into  account,  as  they 
would  be  very  small  and  unimportant  in  case  of  the  alum  powder,  while  in  the  cream 
of  tartar  powder  the  ingredients  used  were  found  in  the  course  of  analysis  to  be  prac- 
tically pure. 

The  excess  of  bicarbonate  of  soda  or  of  the  acid  principle  was  determined  volu- 
metrically  and  added,  as  the  case  might  be,  to  the  results  obtained  by  calculation. 

Respectfully  submitted. 

H.  A.  Weber, 

Chemist. 
Analyses  of  Baking-Powders. 

cream  of  tartar  baking-powders. 

1.  Eoyal,  .  » 

Carbonic-acid  gas,  11.80  per  cent. 

Bicarbonate  of  soda 25.21 

Cream  of  tartar 50.44 

Starch 17.10 

Tartrate  of  potassium  and  sodium,  moisture,  etc 7. 25 

100. 00 

This  powder  contained  a  small  percentage  of  ammonium  carbonate,  which  was  cal- 
culated as  bicarbonate  of  soda  above. 

2.  Dr.  Price's. 

Carbonic-acid  gas,  10.50  per  cent. 

Bicarbonate  of  soda 21. 14 

Cream  of  tartar 44.90 

Starch 21.30 

Tartrate  of  potassium  and  sodium,  moisture,  etc 12. 66 

100.  00 


BAKING   POWDEUS.  579 

3.  Pearsoii'8^ 

Carbtmic-acid  gas,  11.60  per  cent. 

Bicarbonate  of  soda 23. 24 

Cream  of  tartar 49,  57 

Starch 12.80 

Tartrate  of  potassiain  and  sodium,  moisture,  etc 14.  39 

100.  00 
This  sample  contained  ammonium  carbonate. 

4.  Cleveland's. 

Carbonic-acid  gas,  12.80  per  cent. 

Bicarbonate  of  soda 26. 12 

Cream  of  tartar 54.  70 

Starch 9.00 

Tartrate  of  potassium  and  sodium,  moisture,  etc 10. 18 

100.  00 

5.  Snow  Drift. 

Carbonic-acid  gas,  10.60  per  cent. 

Bicarbonate  of  soda 20.  24 

Cream  of  tartar 48.  62 

Starch 13.60 

Tartrate  of  potassium  and  sodium,  moisture,  etc 17. 54 

100. 00 

6.  Ujiper  Ten. 

Carbonic-acid  gas,  11.30  per  cent. 

Bicarbonate  of  soda - 21.57 

Cream  of  tartar 48.  31 

Starch 20.90 

Tartrate  of  potassium  and  sodium,  moisture,  etc 9. 22 

100.00 

7.  De  Land's. 

Carbonic-acid  gas,  10.00  per  cent. 

Bicarbonate  of  soda - 19.  09 

Cream  of  tartar 48.  39 

Starch 0.00 

Tartrate  of  potassium  and  sodium,  moisture,  etc 32. 52 

100. 00 
This  powder  contained  no  filling. 

8.  Sterling. 

Carbonic-acid  gas,  11.00  per  cent. 

Bicarbonate  of  soda 21.  84 

Cream  of  tartar 47.03 

Starch 18. 50 

Tartrate  of  potassium  and  sodium,  moisture,  etc 12. 63 

100. 00 

PHOSrHATIC  BAKING-POWDERS. 

9.  Horsford's. 

Carbonic-acid  gas,  13.00  per  cent. 

Bicarbonate  of  soda 27.'  34 

Free  phosphoric  acid .... 14.47 

Starch 21.80 

Insoluble  ash  (calcium  phosphate,  calcium  carbonate,  etc.) 19.  .50 

Sodium  ])hosphate,  moisture,  etc 16.89 

100. 00 
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10.  Wheat. 

Carbonic-acid  gas,  4.00  per  cent. 

Bicarbonate  of  soda >-.... 9.32 

Free  phosphoric  acid 4.  45 

Starch 0.00 

Insoluble  ash  (calcium  phosphate,  calcium  carbonate,  etc.) 26.90 

Sodium  phosphate,  moisture,  etc 59.  33 

100.  00 
This  sample  contained  no  filling  and  was  badly  caked. 

ALUM  BAKING-POWDERS. 

11.  Empire. 

Carbonic-acid  gas,  5.80  per  cent. 

Bicarbonate  of  soda 11.  08 

Alum 10.41 

Starch 44.25 

Hydrate  of  alumina,  sodium  sulphate,  ammonium  sulphate,  moisture,  etc 34.26 

100. 00 
12.  Gold. 

Carbonic-acid  gas,  6.70  per  cent. 

Bicarbonate  of  soda 13.  63 

Alum 12.03 

Starch 44.00 

Hydrate  of  alumina,  sodium  sulphate,  ammonium  sulphate,  moisture,  etc 2U.  34 

100.  00 
x3.  Veteran. 

Carbonic-acid  gas,  6.90  per  cent. 

Bicarbonate  of  soda 14.  66 

Alum 12.  13 

Starch 49.85 

Hydrate  of  alumina,  sodium  sulphate,  ammonium  sulphate,  moisture,  etc 23.  36 

100.  00 
14.  CooWs  Favorite. 

Carbonic-acid  gas,  5.80  per  cent. 

Bicarbonate  of  soda 11.92 

Alum 10.41 

Starch 42.75 

Hydrate  of  alumina,  sodium  sulphate,  ammonium  sulphate,  moisture,  etc 34.92 

100.00 
15.  Sunfiow&r. 

Carbonic-acid  gas,  6.30  per  cent. 

Bicarbonate  of  soda 14.44 

Alum 11.  .31 

Starch 38.65 

Hydrate  of  alumina,  sodium  sulphate,  ammonium  sulphate,  moisture,  etc 35. 60 

100. 00 
16.  Kenton. 

CarbcrJc-acid  gas,  6.20  per  cent. 

Bicarbonate  of  soda 12. 59 

Alum 11.14 

Starch 38.10 

Hydrate  of  aluminsi,  sodium  sulphate,  ammonium  sulphate,  moisture,  etc 38. 17 

100.00 
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17.  Patapsco. 

f     Carbonic-acid  gas,  6  per  cent, 

icarbonate  of  soda 12.  30 

lum 10.77 

tarch 36.  85 


100.  00 
18.  Jersey/. 


Carbonic-acid  gas,  10.40  per  cent. 

Bicarbonate  of  soda 20.  70 

Alum 19.05 

Starcli 44.20 

Hydrate  of  alumina,  sodium  sulphate,  ammonium  sulphate,  moisture,  etc 16.  05 

100.  00 

19.  Buckeye. 

Carbonic-acid  gas,  6.90  per  cent. 

Bicarbonate  of  soda 13.82 

Alum 12.13 

Starch 44.20 

Hydrate  of  alumina,  sodium  sulphate,  ammonium  sulphate,  moisture,  etc 29.85 

100. 00 

20.  Peerless. 

Carbonic-acid  gas,  7  per  cent. 

Bicarbonate  of  soda 14.  21 

Alum - 12.  94 

Starch 46. 57 

Hydrate  of  alumina,  sodium  sulphate,  ammonium  sulphate,  moisture,  etc 26.  28 

100.  00 
21.  Silver  Star. 

Carbonic-acid  gas,  6.90  per  cent. 

Bicarbonate  of  soda 14. 66 

Alum 12.13 

Starch , 4 1 .  33 

Hydrate  of  alumina,  sodium  sulphate,  ammonium  sulphate,  moisture,  etc 31. 88 

100. 00 
22.  Croton. 

Carbonic-acid  gas,  8.40  per  cent. 

Bicarbonate  of  soda 16.88 

Alum .• 15.08 

Starch 51.35 

Hydrate  of  alumina,  sodium  sulphate,  ammonium  sulphate,  moisture,  etc 16.  69 

100.  00 
23.  Croww  (marked  "Special"). 

Carbonic-acid  gas,  8.60  per  cent. 

Bicarbonate  of  soda 18. 10 

Alum 15.  44 

Starch 41.37 

Hydrate  of  alumina,  sodium  sulphate,  ammonium  sulphate,  moisture,  etc 25.  09 

100.  00 
24.  One  Spoon. 

Carbonic-acid  gas,  5.75  per  cent. 

Bicarbonate  of  soda 12. 66 

Alum 10.  33 

Starch 18.33 

Hydrate  of  alumina,  sodium  sulphate,  ammonium  sulphate,  moisture,  etc 58. 68 

100.  00 
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25.   Wheeler^ s  JVb.  15. 

Carbonic-acid  gas,  11.35  per  cent. 

Bicarbonate  of  soda 22. 51 

Alum '20.38 

Starch 29.38 

Hydrate  of  alumina,  sodium  sulphate,  ammonium  sulphate,  moisture,  etc 27.  73 

100. 00 
26.   Carlton. 

Carbonic-acid  gas,  6.60  per  cent. 

Bicarbonate  of  soda 13. 44 

Alum 11.85 

Starch 43.77 

Hydrate  of  alumina,  sodium  sulphate,  ammonium  sulphate,  moisture,  etc 30. 94 

100. 00 
27.  Gem. 

Carbonic-acid  gas,  8.45  per  cent. 

Bicarbonate  of  soda 16. 13 

Alum 15.17 

Starch 32.13 

Hydrate  of  alumina,  sodium  sulphate,  ammonium  sulphate,  moisture,  etc 36. 57 

100.  00 
28.  Scioto. 

Carbonic-acid  gas,  8.80  per  cent. 

Bicarbonate  of  soda 16. 80 

Alum 15.80 

Starch. 49.15 

Hydrate  of  alumina,  sodium  sulphate,  ammonium  sulphate,  moisture,  etc 18. 25 

100. 00 
29.  Zijjp^s  Grape  Crystal. 

Carbonic-acid  gas,  10.90  per  cent. 

Bicarbonate  of  soda - 22.  49 

Alum 19.57 

Starch 45.95 

Hydrate  of  alumina,  sodium  sulphate,  ammonium  sulphate,  moisture,  etc 11. 99 

100. 00 
30.  Forest  City. 

Carbonic-acid  gas,  7.80  per  cent. 

Bicarbonate  of  soda 15. 73 

Alum 13.63 

Starch 46.60 

Hydrate  of  alumnia,  sodium  sulphate,  ammonium  sulphate,  moisture,  etc 24.  04 

100. 00 

Si_nce  the  issuance  of  the  foregoing  circular  the  manufacturers  of  certain  of  these 
brands  of  baking-powders  have  sought  to  pervert  the  facts  brought  out  by  these 
analyses,  and,  by  arguments  and  conclusions  wholly  unwarranted  by  the  factsstated, 
or  by  the  principles  of  chemical  science,  have  for  their  own  benefit  held  and  assumed 
that  the  circular  and  analyses  show  a  state  of  facts  which  they  do  not  show",  and  lead 
to  conclusions  to  which  they  do  not  lead.  Nevertheless,  the  truth  will  assert  itself, 
and  this  investigation  and  discussion,  which  is  still  going  on,  will  throw  a  flood  of 
light  on  this  whole  field  of  commercial  food  products  that  will  be  of  incalculable 
benefit  to  the  people  of  the  State. 
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Professor  Weber's  analyses  are  rather  superficial  and  incomplete, 
probably  being  made  under  conditions  that  did  not  admit  of  thorough 
quantitative  work.  He  has  overlooked  entirely,  for  instance,  the  fact 
of  the  presence  of  phosphoric  acid  in  many  alum  powders. 

PROFESSOR  CORNWALL'S  REPORT  ON  BAKING-POWDERS. 

Following  are  the  results  of  an  examination  of  a  large  number  of  bak- 
ing-powders by  Prof.  H.  B.  Cornwall,  together  with  his  description  of 
the  methods  of  analysis  employed,  and  his  observations  and  conclu 
sions.^ 

METHODS   OF  ANALYSIS. 

The  analysis  was  directed  toward  determining  the  ''strength"  of  the  powders,  or 
their  yield  of  carbonic-acid  gas,  and  their  composition,  so  far  as  to  indicate  the 
nature  of  the  chief  active  constituents.  No  great  importance  was  attached  to  the 
amount  of  starch  or  other  legitimate  ''filling,"  which  only  has  an  effect  on  the 
strength  of  the  powder,  nor  was  it  possible  to  examine  so  large  a  number  of  samples 
minutely  as  to  the  residues  left  by  them.  Especial  attention  was  therefore  paid  to 
the  presence  of  possible  objectionable  constituents  of  the  residues,and  to  ingredients 
that  might  render  the  use  of  the  powders  injurious. 

Carlonic-acidgas. — This  was  determined  with  great  care  by  boiling  1  gram  (15.43 
grains)  of  the  powder  with  125  to  130  cubic  centimeters  (libout  4J  fluid  ounces)  of  dis- 
tilled water  in  a  roomy  flask,  connected  with  a  Classen  condensing,  drying,  and 
absorbing  apparatus  (Classen,  Quantitative  Chemische  Analyse,  1885),  the  carbon  di- 
oxide being  absorbed  in  soda-lime  tubes,  of  which  there  were  two,  having  their  fur- 
ther ends  charged  with  carefully-dried  chloride  of  calcium.  The  contents  of  the  flask 
were  boiled,  with  proper  use  of  a  slow  current  of  air,  for  one  and  one-half  to  one  and 
three-quarters  hours,  and  the  current  of  air  was  kept  up  for  half  an  hour  after  remov- 
ing the  flame,  so  that  the  whole  operation  lasted  from  two  to  two  and  one-half  hours. 
Only  in  this  way  was  the  carbonic-acid  gas  with  certainty  to  be  expelled  from  the 
somewhat  viscid,  starchy  water  solution  and  completely  carried  over  into  the  ab- 
sorption tubes. 

Tested  before  the  analyses  were  begun,  with  a  sample  of  probably  one  of  the  best 
commercial  bicarbouates  of  soda  in  the  market,  the  absorption  apparatus  yielded 
51.38  per  cent,  of  carbon  dioxide;  measurement  of  the  gas  (see  below)  indicating  51.44 
per  cent. 

Tested  in  the  course  of  the  series  of  analyses  by  decomposing  Iceland  spar  (crystal- 
lized carbonate  of  lime)  with  citric  acid  in  the  presence  of  starch,  in  the  proportion 
used  in  the  average  of  good  cream  of  tartar  baking-powders,  the  absorption  apparatus 
showed  43.83  per  cent.,  theory  requiring,  for  absolutely  pure  carbonate  of  lime,  44 
per  cent. 

As  a  check  analysis,  when  it  could  be  properly  done,  the  gas  evolved  from  the  pow- 
der by  10  cubic  centimeters  of  a  mixture  of  one  volume  of  hydrochloric  acid,  specific 
gravity  1.2,  with  two  volumes  of  water,  in  a  Scheibler's  evolution  bottle,  was  collected 
over  mercury  and  measured,  correction  being  made  for  atmospheric  pressure,  tem- 
perature, and  moisture,  and  also  an  allowance  for  the  carbon  dioxide  retained  by  acid 
of  the  strength  used,  as  determined  by  tests  with  the  Iceland  spar.  Enough  baking- 
powder  was  taken  to  give  90  to  110  cubic  centimeters  of  gas.  The  results  by  measure- 
ment averaged  0.12  per  cent,  below  those  by  absorption  and  weighing  of  the  gas, 
probably  on  account  of  the  difficulty  of  liberating  the  gas,  even  by  violent  shaking, 
from  the  somewhat  viscid  liquid  produced  by  the  action  of  the  strongly  acid  solution 
on  4he  starch  of  flour.     The  greatest  difference  by  the  two  methods  was  0.29  per  cent. 

"Whenever  a  sample  showed  a  rather  low  percentage  of  carbonic-acid  gas,  or  left  a 
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decidedly  alkaline  solution,  duplicate  tests  were  made  by  the  soda-lime  absorption, 

and  no  dependence  was  placed  on  measurement,  but  in  other  cases  it  was  a  most  con- 
venient and  reliable  check  on  the  other  method. 

jSulj>Tiates.— These  were  detected  in  the  cold-water  solution  of  the  baking-powder, 
bearing  in  mind  the  possible  solvent  action  of  citric  acid  on  the  barium  sulphate. 
No  attention  was  paid  to 'minute  quantities  of  soluble  sulphates. 

Ammonia  salts. — These  were  detected  by  rubbing  the  powders  with  water  and 
slaked  lime,  after  ascertaining  that  ordinary  samples  of  flour  gave  no  reaction  I'ur 
ammonia  under  the  conditions  of  our  tests.  No  notice  was  taken  of  ammonia  unless 
the  turmeric  jjaper  was  rapidly  and  decidedly  colored. 

Phosphates. — It  was  found  that  even  in  the  presence  of  tartaric  acid  these  could 
generally  be  detected  by  means  of  ammonium  molybdate  in  the  solution  of  the  pow- 
der in  very  dilute  nitric  acid.  In  cases  of  doubt,  the  powder  was  first  fused  with  car- 
bonate of  soda  and  nitrate  of  potash. 

Alumina.— Alth-oxxgh.  it  could  always  be  detected  in  the  solution  of  the  powder  in 
very  dilute  nitric  acid,  at  least,  by  the  aid  of  acetic  acid  and  phosphate  of  soda,  yet 
all  of  the  powders  were  also  tested  by  fusion  with  carbonate  of  soda  and  nitrate  of  pot- 
ash, extraction  with  boiling  water,  acidifying  the  filtered  solution  with  hydrochloric 
acid  and  precipitating  with  ammonia  water.  The  alumina  in  the  precipitate  was 
identified  as  such,  however  obtained.  During  the  fusion  abundant  evidence  of  the 
presence  of  iron  compounds  as  an  impurity  in  the  alum  powders  was  frequently  ob- 
tained, showing  carelessness  or  ignorance  on  the  part  of  the  makers. 

Tartaric  acid  and  tartrates. — Free  tartaric  acid  was  dissolved  out  by  absolute  alco- 
hol and  identified.  Tartrates  were  systematically  tested  for  in  case  of  doubt,  but,  in 
general,  it  was  deemed  sufficient  to  confirm  their  presence  by  shaking  the  powder  with 
ammonia  water,  filtering,  adding  a  crystal  of  nitrate  of'silver,  and  heating  gently  to 
form  the  characteristic  silver  mirror.  It  was  found  that  phosphates  and  citrates  did 
not  interfere  with  this  test  when  any  considerable  quantity  of  tartrates  was  also 
present  in  the  solution,  but  it  was  depended  on  only  as  confirmation  of  the  presence 
of  tartrates  in  the  cream  of  tartar  powders. 

Potash. — This  was  detected  by  holding  some  of  the  powder  on  a  platinum  wire  in 
the  Bunsen-burner  flame  and  observing  the  flame  coloration  through  a  solution  of 
permanganate  of  potash  so  strong  as  scarcely  to  transmit  diffused  daylight.  Unless 
a  decided  red  flame  coloration  was  obtained,  potash  was  certainly  absent  in  any  nota- 
ble quantity. 

RESULTS    OF  ANALYSIS. 

The  following  tables  give  the  results  of  the  analysis  of  our  samples,  so  far  as  was 
necessary  to  classify  them  and  determine  their  "strength,"  that  is,  the  percentage  of 
carbonic-acid  gas.  The  cubic  inches  of  gas  are  given  from  1  ounce  avoirdupois  of 
powder,  at  a  temperature  of  60^  F.,  and  barometer  at  30  inches: 

I.  Cream  of  tartar  powders. — In  this  class  are  placed  all  powders  giving  reactions 
for  tartaric  acid  and  potash,  and  free  from  phosphates,  alumina,  and  any  considerable 
quantity  of  soluble  sulphates.  Ammonia  was  sometimes  present ;  whether  as  sesqui- 
carbonate  or  bi tartrate  was  not  determined.  Free  tartaric  acid  was  found  in  one 
case.  Its  presence  has  no  effect  on  the  wholesomeness  of  the  powder,  nor  has  the 
small  amount  of  ammonia  in  any  case  found.  The  writer's  experience  is  that  the 
powders  free  from  ammonia  compounds  yield  just  as  light  biscuits,  etc.,  as  the  others. 

As  regards  purity  of  materials,  there  seems  little  choice  between  the  higher  grades 
of  these  powders. 

II.  Acid  phosphate  of  lime  powders. — The  first  two  of  these  were  packed  in  tightly- 
corked  glass  bottles,  and  contained  enough  starchy  material  to  keep  them  from  deteri- 
orating in  these  bottles.  » 

The  bread  preparation  consisted  of  two  separate  powders,  each  in  a  paper  pack- 
age. One  was  bicarbonate  of  soda,  the  other  acid  phosphate  of  lime  mixed  with 
starch.  The  strength  was  determined  on  a  mixture  of  the  two  in  the  proportions 
directed  on  the  packages. 
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The  wheat  powder  was  put  up  in  tin  boxes,  without  starch  or  other  filling.  One 
sample  was  in  excellent  order,  the  other  much  caked. 

III.  Alum  and  phosphate  powders. — This  class  embraces  powders  showing  ammonia, 
soluble  sulphates,  alumina,  and  phosphates,  when  tested  as  already  described. 

A  few  showed  potash  reactions,  and  in  some  there  was  evidence  of  tartaric  acid  or 
some  other  substance  reducing  silver  abundantly  from  ammoniacal  solutions.  In  such 
cases,  of  course,  potash  alum  and  bitartrate  of  ammonium  may  have  been  present, 
or  the  reactions  may  have  been  caused  by  cream  of  tartar,  or  by  free  tartaric  acid. 
The  possible  combinations  are  very  numerous,  and  the  analysis,  however  complete, 
will  hot  always  indicate  the  exact  combination.  Inasmuch  as  some  of  these  powders 
showed  considerable  alumina  in  the  simple  water  solution,  a  more  detailed  examina- 
tion of  them  is  recommended,  for  the  reasons  already  given.  The  actual  presence  of 
acid  phosphate  of  lime,  or  of  any  other  acid  phosphate,  was  not  proven,  but  all  con- 
tained some  phosphate,  and  have  therefore  been  classed  as  indicated,  although  prob- 
ably in  every  case  they  were  made  with  acid  phosphate  of  lime. 

As  already  mentioned,  the  low  grade  of  several  is,  perhaps,  from  deterioration,  due 
to  the  presence  of  the  acid  phosphate  in  packages  not  sufficiently  air-tight.  Acid  phos- 
phate will  not  keep  well  when  mixed  with  bicarbonate  of  soda,  except  in  well-corked 
bottles.     Tin  cases  are  not  tight  enough. 

Many  of  these  powders  contained  sulphate  of  lime,  chemically  equivalent  to  terra 
alba.  This  was,  perhaps,  in  no  case  added  as  an  adulterant,  but  was  a  part  of  the 
acid  phosphate  of  lime  used ;  the  latter  not  having  been  separated  from  the  sulphate 
of  lime  formed  in  its  manufacture.  The  presence  of  this  sulphate  of  lime  must  be 
regarded  as  objectionable.  None  of  these  powders  are  as  strong  as  they  might  be 
made,  and  most  of  them  are  very  deficient  in  strength.  Apart  from  questions  of 
healthfulness,  there  can  be  no  economy  in  buying  some  of  these  powders. 

TV.  Alum jyowdei's.— Here  are  classed  the  powders  showing  the  same  reactions  as 
the  preceding  class,  but  free  from  phosphates.  All  appeared  to  be  ammonia  alum 
powders,  but  reactions  for  potash  and  tartaric  acid  were  not  wanting  among  them. 
Only  one  of  them  begins  to  come  up  to  the  strength  which  a  "  straight  "  burnt  am- 
monia alum  powder  might  have, 

V.  Unclassed  powders. — The  composition  of  these  will  be  indicated  under  the  special 
remarks. 

I. — Cream  of  tartar  powders. 


Xo. 


Brand. 


Carbonic- 
acid  gas. 


Cubic  incbes 

carbonic- 
acid  gas  per 
ounce. 


Kemarks. 


The  Best 

Sea  Foam 

Sterling 

Health. 

Health 

None  Such 

Cleveland's 

Cleveland's 

Eoyal 

Eoyal 

Price's  "Cream  " 

Price's  "Cream" 

Average,  8  brands 


Per  cent. 
11.60 


11.70 
6.96 


7.25 
12.64 
D3.27 
13.82 

13.56 

13.06 

11.95 

12.20 


11.60 


107.3 
100.5 


108.2 
G4.44 


67.1 
116.9 
122.7 
127.8 

125.  43 

120.8 

110.5 

112.9 


Yields  a  little  ammonia  and 

soluble  sulphate. 
Yields  ammonia  reactions. 
Final  reaction   of   aqueous 

solution  strongly  alkaline. 

See  special  remarks. 


Received  in  June. 
Eeceived  in  November. 

Yields    ammonia    reactions. 

Keceived  iu  May. 
Yields    ammonia  reactions. 

Eeceived  in  November. 
Eeceived  in  May.    Contains 

free  tartaric  acid. 
Eeceived  in  December. 

Excluding  29  and  50,  aver- 
age is  12.46per  cent,  of  car- 
bonic acid. 
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II. — Acid plxospliaie  of  lime poicders. 


Cubic  inches 

ISO. 

Brand. 

Carbonic-          carbonic- 
acid  gas.        acid  gas  per 

Eemarks. 

ounce. 

Per  cent. 

46 

Uorslorcl  s  I'tios'phatic 

14.95 

138  3 

Eeceived  in  Anjixist.  In 
8-ounce  glas.^  bottle. 

54 

14.01 

129.6 

year.    A  liule  p:as  escaped 

on  opening  the  4-ounce  bot- 
tle. 
ReceiTed    in    May.      In 
8-ounce  jilass  bottle. 

47 

Kamford's  Teast  Powder 

13.51 

125.0 

48 

Kumford"s  Yeast  Powder 

13.89 

128.5 

Pt  e  c  e  i  V  e  d  in  August.  In 
8-ounce  glass  bottle. 

49 

Horsford's  Bread  Preparation 

15.39 

142.4 

Eeceired  in  August.  Bi- 
carbonate soda  and  acid 
phosphate  put  up  in  sep- 
arate papers.  The  acid 
phosphate  was  not  quite 
free  from  soluble  sul- 
phates. 

21 

Wheat                 

15  62 

144  5 

In  tin  box ;  in  good  order. 

52 

Wheat 

5.83 

53.9 

Note. — Since  the  rapidity  with  which  a  baking-powder  gives  off  carbonic-acid  gas 
in  the  cokl  varies  with  the  ingredients  used,  it  was  deemed  worth  while  to  test  some 
powders  as  follows:  Forty-five  grains  (3  grams)  of  each  was  mixed  with  as  little 
shaking  as  possible  with  ^  ounce  (5  cubic  centimeters)  of  water,  and  the  Tolume  of 
gas  evolved  in  five  minutes  was  measured. 

Per  cent. 

Cleveland's  yielded  of  its  carbonic  acid 49. 6 

Royal  yielded  of  its  carbonic  acid 45.  6 

Horsford's  yielded  of  its  carbonic  acid 68.  8 

A  ' '  straight  "  burnt  alum  powder  yielded  of  its  carbonic  acid 6.  3 

III. — Alum  and phospliate imiL'ders. 


Ko. 

Brand. 

Carbonic- 
acid  gas. 

Cubic  inches 

carbonic- 
acid  gas  per 
ounce. 

Remarks.    (All  give  ammo- 
nia reactions.) 

1 
2 

27 
3 
7 
9 

10 

Patapsco 

Washington . ...... 

Per  cent. 
8.32 
8.81 
9.97 
8.99 
9.70 
9.73 
7.01 

6.70 
8.42 
9.17 
5.09 

9.51 

10.47 

10.09 

8-39 

10.02 

8.96 

8.97 

6.63 

11.30 

8.77 

10.16 

10.24 

77.0 
82.5 
92.2 
83.2 
89.7 
90.0 
64.8 

62.0 
77.9 
84.8 
47.1 

88.0 
96.8 
93.3 
77.6 
92.7 
82.9 
83  0 
61.3 
104.5 
81.1 
94.0 
94.7 

Received  in  Ma  v. 

Davis's  OK          

Lincoln 

11 

State                              

other  sample  received  in 
May  gave  3.81  per  ctnt. 
Received  in  October. 

15 

State    

13 

On  Top                                   

16 

In  pasteboard  box  with  tin 
ends. 

19 

Silver  Star          

24 
35 
28 
30 
31 

Oar  Own 

"White  Star 

Sovereign        

32 
33 

A.  and  P.  ( Atlantic  and  Pacific) . . . 
Hio'c^ios    ...... 

Received  in  September. 

51 

Higgins     

Received  in  December. 

34 

Windsor            

37 

38 

EenkePs 

Avprncrp   90  branrlq 

8.97 
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So. 


Brand. 


8     Miles's  "Prize" 

20     Four  Ace 

26     Feather  Weight 
36     One  Spoon 

i 


Carlionic- 
acid  eas. 


Per  cent. 
9.63 

10.31 
9.63 
16.77 


Cubic  inches 

carbonic- 
acid  gas  per 
onnce. 


95.4 

89.1 

155.1 


Remarks.    ( A.11  show  ammo- 
nia reactions.) 


Shows  potash  reactions  and 
reduces  silver  abundantly. 


Two  other  samples  gave  re- 
spectively 15.35  and  16.73 
per  cent. 


V. —  Unclassed  powders. 


No.                                Brand. 

1 

1 

Carbonic- 
acid  gas. 

Cubic  inches 

carbonic- 
acid  gas  per 
ounce. 

Remarks. 

6 

Silver  Prize 

Per  cent. 
8.U 

8.00 

6.15 

75.3 
74.0 
56.9 

Shows  potash  and  ammonia 
reactions,  and  reduces  sil- 
ver abundantly. 

Contains  a  soluble  alumina 

22 

Orange                                 ...  ..... 

18 

Our  Best 

compound.  See  special  re- 
marks. 

contains  much  soluble  sul- 
phates, and  some  free  tar- 
taric acid. 

SPECIAL  REMARKS. 

Sample  No.  6. — This  sample  shows  strong  reactions  for  ammonia,  soluble  sulphates, 
soda,  and  potash.  Its  aqueous  solution,  rendered  ammoniacal  before  filtering,  reduces 
silver  from  a  crystal  of  the  nitrate,  as  a  bright  coating  on  the  glass.  It  would  have 
been  classed  among  the  cream  of  tartar  powders  had  it  not  shown  altogether  too  much 
soluble  sulphates.  Shaken  with  absolute  alcohol  it  renders  this  slightly  alkaline ; 
boiled  with  water  the  powder  gives  a  decidedly  alkaline  solution.  It  contains  some 
alumina. 

Sample  No.  18. — This  gave  strong  reactions  for  ammonia,  soluble  sulphates,  soda, 
and  potash.  Tartaric  acid  was  extracted  from  it  by  shaking  with  absolute  alcohol. 
It  may  contain  some  cream  of  tartar,  but  ha*  too  much  soluble  sulphates  to  warrant 
placing  it  among  the  cream  of  tartar  powders. 

Sample  No.  22. — This  powder  gave  strong  reactions  for  alumina,  soluble  sulphates, 
and  soda.  Neither  potash  nor  ammonia  was  present.  The  label  stated  that  it  con- 
tained grape  (tartaric  ?)  and  orange  (citric?)  acids,  combined  "with  natron,  bicarb, 
soda,  and  corn  starch,"  and  the  analysis  indicated  the  presence  of  tartrates  and  cit- 
rates, as  well  as  much  alumina,  which  was  abundantly  found  in  the  aqueous  solution 
of  the  powder  even  after  boiling  with  the  undissolved  residue.  Alumina  in  a  soluble 
form  was  also  extracted  in  considerable  quantity  by  water  alone  from  bread  made 
with  this  powder.  Apparently,  the  organic  acids  kept  it  in  soluble  condition.  Since 
neither  potash  nor  ammonia  was  present,  the  alumina  appears  to  have  been  added  in 
the  shape  of  sulphate  of  alumina,  or  else  of  soda  alum. 

After  washing  away  the  starchy  matter  with  chloroform  and  examining  the  residue 
under  the  microscope  in  polarized  light,  crystalline  fragments  of  a  singly  refracting 
substance  were  observed  in  abundance,  together  with  doubly  refracting  crystalline 
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materials.  Although  no  octahedral  crystals  could  be  distinctly  made  out,  yet  there 
were  some  fragments  of  soda  alum,  which  is  as  good  as  any  other  alum  for  making 
baking-powders,  so  far  as  chemical  and  physiological  effects  are  concerned.  It  is 
more  likely  to  be  affected  by  moisture  than  "burnt  alum." 

Sample  No.  29.— This  powder  was  very  strongly  alkaline,  containing  so  great  an 
excess  of  bicarbonate  (or  carbonate)  of  soda  that  if  the  proper  amount  of  cream  of 
tartar  had  been  used  the  powder  would  have  yielded  about  11  per  cent,  of  carbonic- 
acid  gas. 

CONCLUSIONS. 

Our  investigations  show  that  while  especially  the  higher  grades  of  cream  of  tartar 
and  acid  phosphate  of  lime  powders  are  maintained  at  a  quite  uniform  standard  of 
excellence,  the  State  is  flooded,  also,  with  many  baking-powders  of  very  poor  quality- 
cheap  goods,  poorly  made.  Of  the  thirty-nine  brands  examined,  twenty-five  contain 
alum  or  its  equivalent,  in  the  shape  of  some  soluble  alumina  compound ;  eight  are 
cream  of  tartar  powders,  with  small  quantities  of  other  ingredients  in  several  cases  ; 
four  are  acid  phosphate  of  lime  powders;  two  belong  properly  under  none  of  the 
above  classes. 

With  one  exception,  the  powders  containing  alum  all  fall  below  the  average 
strength  of  the  cream  of  tartar  powders,  and  in  the  majority  of  cases  they  fall  much 
below  the  better  grades  of  the  cream  of  tartar  powders. 

In  the  cream  of  tartar  and  the  acid  phosphate  of  lime  powders,  no  indications  of 
substances  likely  to  be  injurious  to  health,  in  the  quantities  used,  have  been  found. 

More  evidence  against  the  use  of  alum  in  baking-powders  might  have  been  pre- 
sented, but  it  would  have  been  of  a  similar  nature  to  that  which  has  already  been  given. 
In  the  writers  opinion,  the  presence  of  alum  in  baking-powders  is  objectionable, 
since,  under  certain  conditions,  it  may  exert  an  injurious  effect  on  the  digestion. 
The  effects  may  not  be  very  marked  in  the  case  of  any  individual  consumer,  but  that 
they  can  be  induced  to  a  greater  or  less  extent  seems  to  be  well  established. 

There  appears  to  be  ample  ground  for  requiring  that  the  makers  of  baking-powders 
should  publish  the  ingredients  used  in  their  powders,  in  order  that  the  consumer, 
who  may  justly  have  doubts  of  the  desirability  of  using  certain  kinds,  may  be  pro- 
tected. At  present  the  only  guaranty  of  an  undoubtedly  wholesome  and  efficient 
article  appears  to  be  the  name  of  the  brand. 

Moreover,  since  it  is  quite  possible  to  put  up  the  baking-powders  in  such  a  way  as 
to  preserve  their  strength  very  thoroughly,  and  since  it  is  evident  that  many  makers 
fail  in  this  respect,  it  would  not  seem  unreasonable  to  require  that  baking-powders 
should  not  be  sold  unless  they  will  yield  a  certain  percentage  of  carbonic-acid  gas. 
The  bad  effects  of  the  "heavy"  food  prepared  with  some  of  the  baking-powders 
among  our  samples  must  certainly  be  felt  by  those  who  use  them,  and  who  are  yet 
too  ignorant  to  know  where  the  trouble  lies.  It  is  for  this  class  especially  that  nearly 
all  legislation  relating  to  securing  good  food  and  drugs  is  enacted. 

Since  it  is  evident  that  some  of  the  alum  powders  are  so  prepared  as  to  increase 
the  extent  of  any  injurious  effect,  owing  to  the  mixture  of  ingredients  whose  combi- 
nation can  not  be  justified  on  any  grounds,  it  is  recommended  that  a  special  and 
more  thorough  examination  of  such  be  made,  with  a  view  to  preventing  their  man- 
ufacture. 

APPENDIX. 

1.  In  bread  made  from  Orange  baking-powder,  page  — ,  according  to  directions, 
there  was  found,  in  a  condition  readily  soluble  in  tepid  water,  alumina  equivalent  to 
26  grains  of  crystallized  ammonia  alum  per  2-pouud  loaf 

2.  With  reference  to  Professor  Patrick's  experiments  on  cats,  the  writer  had  bis- 
cuit made  with  a  **  straight"  alum  baking-powder,  using  twelve  times  the  proper 
amount  of  the  powder.  The  biscuit  had  a  bitter,  nauseating  taste,  and  must  have 
beeii  very  indigestible,  so  that  no  fair  conclusions  could  be  (^awn  from  its  use, 
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The  samples  for  the  following  analyses  were  all  purchased  at  retail 
stores  iu  Washington,  D.  C,  by  an  agent  of  the  Department,  no  intima- 
tion being  given  to  the  seller  of  the  purpose  for  which  they  were  in- 
tended. The  city  was  pretty  thoroughly  gone  over,  and  the  samples 
probably  include  about  all  the  different  brands  sold. 

METHODS  OF  ANAL  YSIS. 

Following  are  detailed  descriptions  of  the  methods  followed  in  the 
analyses  made  in  this  laboratory.  In  many  of  the  estimations  different 
methods  were  tried,  and  the  one  which  gave  the  best  results  and  was 
found  to  be  most  convenient  was  chosen. 

GENERAL  EXAMINATION  OF  SAMPLES. 

The  qualitative  and  general  examination  is  described  in  the  extract 
from  Professor  Cornwall's  report  above,  and  it  is  not  necessary  to  go 
into  it  in  detail  again,  as  the  methods  were  similar,  generally  speaking. 
The  qualitative  examination  and  assignment  of  a  sample  to  one  of  the 
classes  indicated  presents  no  special  difficulties.  If  it  is  desired  to 
know  the  character  of  the  filling  used,  it  is  readily  ascertained  by  a 
microscopical  examination ;  but  this  is  rather  in  unimportant  matter. 
A  determination  of  the  alkalimetry  of  the  watery  solution  of  the  powder 
is  useful  as  showing  whether  any  great  excess  of  alkali  had  been  used. 

ESTIMATION   OF   CARBONIC   ACID. 

This  is  one  of  the  most  important  estimations,  as  it  determines  the 
strength  of  the  powder.  It  way  made  by  absorption  watli  soda  lime, 
and  a  form  of  apparatus  was  used  that  has  served  for  some  time  in  this 
laboratory  for  the  determination  of  carbonic  acid.  This  apparatus  has 
recently  been  somewhat  modified  and  greatly  improved  in  compactness 
by  Mr.  A.  E.  Knorr.  It  is  shown  in  the  accompanying  figure.  Follow- 
ing is  Mr.  Knorr's  description :  ^ 

The  apparatus  proper,  as  represented  by  the  cut,  consists  of  a  flask  A  in  which  the 
carbon  dioxide  is  sjtfree.  A  condenser  D  is  ground  into  the  neck  of  this  flask  and 
condenses  the  steam  formed  when  the  liquid  in  A  is  boiled  in  order  to  secure  complete 
expulsion  of  the  gas.  Tlie  reservoir  B  contains  the  acid  required  for  the  operation, 
and  has  a  soda-lime  guard  C  ground  into  it  to  retain  the  carbonic  acid  of  the  air,  a 
constant  current  of  which  is  aspirated  through  G  during  the  whole  operation.  The 
stem  of  the  reservoir  is  ground  into  the  condenser,  or  it  may  be  conveniently  blown 
into  one  piece  with  it.  The  carbonic  acid  is  dried  in  E  and  finally  absorbed  in  the 
weighed  potash  bulb  F. 

Two  determinations  of  carbonic  acid  were  made  on  each  sample — one 
by  the  addition  of  acid  to  determine  the  total  amount  of  carbonate  pres- 

» Jour,  Analyt.  Cbem.,  3,  163. 
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ent,  and  one  by  the  addition  of  water  only.  The  per  cent,  of  carbonic 
acid  found  in  the  latter  estimation  may  properly  be  termed  the  availablt 
amount  present  in  the  powder,  as  it  is  the  quantity  which  would  be  act- 
ually liberated  by  the  acid  ingredient  of  the  powder  when  it  is  used  in 
baking,  and  therefore  represents  the  actual  value  of  the  powder  for 
aerating  purposes,  so  lar  as  the  evolution  of  gas  is  concerned. 


Fig.  26. 


For  the  determination  of  the  total  CO2  the  procedure  was  as  follows : 
Place  in  a  short  glass  tube,  the  weight  of  which  is  known,  about  1  to  2 
grams  of  the  sample,  and  weigh  the  whole  as  quickly  as  possible,  the 
amount  taken  being  obtained  by  difference.  The  tube  and  contents  are 
gently  dropped  into  the  generating  flask  of  the  apparatus,  which  must 
be  perfectly  dry.  The  flask  is  closed  with  the  stopper  carrying  the  tube 
connecting  with  the  absorption  apparatus,  and  also  the  funnel  tube, 
which  has  been  previously  provided  with  10  cubic  centimeters  of  dilute 
sulphuric  acid  for  the  liberation  of  the  gas.  When  all  parts  of  the  ap- 
paratus are  connected,  and  seen  to  be  tight,  the  stopper  of  the  funnel 
tube  is  opened,  and  the  acid  allowed  to  run  slowly  into  the  flask.  The 
generation  of  the  gas  should  be  made  as  gradual  as  possible ;  by  run- 
ning in  a  small  quantity  of  the  acid  at  first  and  tilting  the  flask  slightly 
this  can  readily  be  accomplished  ;  after  the  greater  part  of  the  sample 
jUas  been  acted  upon  by  the  acid  and  before  the  latter  has  all  been  added. 


BAKING    POWDERS.  591 

a  lamp  is  placed  under  it,  and  the  contents  gradually  heated  to  boiling, 
gentle  aspiration  being  made  at  the  same  time.  The  operation  is  finally 
finished  by  the  funnel  tube  being  opened,  and  air,  free  from  OO2,  drawn 
through  it  and  through  the  apparatus,  the  contents  of  the  flask  at  the 
same  time  being  kept  at  ebuUition.  This  is  continued  for  fifteen  min- 
utes, when  the  absorption  tube  is  removed  from  the  apparatus,  allowed 
to  cool,  and  weighed.  Its  increase  in  weight  gives  the  amount  of  OO2 
absorbed.  The  determination  of  the  available  OO2  was  conducted  in  a 
similar  manner,  with  the  substitution  of  pure  boiled  water  in  the  funnel 
tube  instead  of  acid.  After  the  sample  has  all  been  acted  on,  the  con- 
tents of  the  flask  are  just  brought  to  a  boil,  then  the  lamp  is  removed 
and  air  is  drawn  through  the  liquid  for  exactly  fifteen  minutes.  The 
conditions  were  made  as  nearly  alike  as  possible  for  each  sample  in 
this  estimation,  for,  different  results  can  readily  be  obtained  by  vary- 
ing them.  The  above  conditions  are  believed  to  be  as  close  an  ap- 
proximation to  those  actually  obtaining  in  the  use  of  the  powder  as  can 
be  arrived  at  in  an  ordinary  chemical  analysis.  Prolonged  boiling  of 
the  liquid  residue  is  inadvisable,  for  in  case  the  ingredients  in  the  pow- 
der are  not  accurately  proportioned,  and  a  considerable  excess  of  bi- 
carbonate is  present,  long  boiling  will  liberate  gas  from  it  after  the  acid 
ingredient  has  all  been  neutralized,  and  thus  a  high  result  is  obtained 
from  a  poorly-made  sample,  while  in  one  where  the  bicarbonate  is  not 
greatly  in  excess  of  the  proper  amount,  the  above  procedure  will  readily 
give  the  full  amount  available.  * 

*In  some  experiments  made  to  determine  the  amount  of  carbonic  acid  driven  off  from 
bicarbonate  of  soda  on  heating  its  water  solution,  the  following  results  were  obtained: 
(1)  Just  brought  to  aboil  under  the  same  conditions  as  in  the  determinations  made 
above,  6.99  per  cent,  of  the  weight  of  the  bicarbonate  was  obtained  ;  (2)  Boiled  15 
minutes,  16.17  per  cent,  was  obtained;  and,  (3)  boiled  labours,  20.70  per  cent.,  or  about 
the  full  quantity  of  acid  carbonate. 

ESTIMATION   OF   STARCH. 

This  estimation  was  made  by  the  well-known  method  of  conversion 
by  heating  with  acid  and  the  determination  of  the  copper  oxide  reducing 
power  of  the  resultant  solution.  While  by  no  means  satisfactory,  this 
is  probably  the  best  method  we  have  at  present  for  starch  estimation. 
Ko  difficulty  was  found  in  its  application  to  all  classes  of  baking-pow- 
ders, the  other  ingredients  offering  no  obstacle  to  its  proper  perform- 
ance. To  insure  agreeing  results  it  is  very  essential  to  conduct  the  con- 
version under  precisely  the  same  conditions  in  all  cases. 

The  following  is  the  detailed  procedure ; 

From  2  to  5  grams  are  weighed  out  and  transferred  to  an  Erleumeyer 
flask;  to  it  are  added  about  150  to  200  cubic  centimeters  of  a  solution 
of  hydrochloric  acid  which  has  a  strength  of  4  per  cent,  of  the  acid  gas. 
The  flask  is  provided  with  a  cork,  perforated  for  the  passage  of  a  con- 
densing tube  about  1  meter  in  length.     The  conversion  is  accomplished 
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by  gently  boiling  the  acid  liquid  for  four  hours,  after  which  the  flask  and 
contents  are  cooled,  neutralized  by  the  addition  of  sodium  hydrate,  made 
up  to  a  definite  volume  and  the  copper  oxide  reducing  power  determined. 
The  latter  operation  is  best  carried  out  by  the  method  used  in  this  labo- 
ratory, in  which  asbestos- tipped  filtering  tubes  are  used  for  the  end  reac- 
tion.i  The  reducing  power  being  calculated  as  dextrose;  10  parts  equal 
9  parts  of  anhydrous  starch. 

Professor  Weber  used  a  rough  method  for  the  direct  estimation  of 
starch  in  his  samples,  which  he  describes  as  follows  i^ 

One  gram  was  weighed  off,  transferred  to  a  small  beaker,  covered  with  water,  al- 
lowed to  stand  until  action  bad  ceased,  filtered  and  washed,  residue  spurted  by  means 
of  a  wash-bottle  into  a  flat-bottomed  platinum  dish,  allowed  to  settle,  the  superna- 
tant water  removed  as  far  as  possible  by  means  of  a  pipette,  the  remaiuder  of  water 
evaporated,  the  residue  dried  at  100°  C.  and  weighed.  The  residue  was  then  incin- 
erated and  the  amount  of  ash  deducted  from  above  weight.  In  case  of  alum  powders 
the  ash  remaining  after  ignition  was  AljOa,  which  was  contained  in  the  residue  dried 
at  100°  C.  as  A1.2(OU)6 ;  consequently  the  AI2O3  was  calculated  as  Ala^OH)^  before  de- 
ducting. 

This  method  was  carried  out  upon  the  entire  series  of  samples  exam- 
ined here.  In  many  cases  it  gave  results  agreeing  quite  closely  with 
those  obtained  by  the  direct  estimation,  but  in  some  samples  the  re- 
sults were  entirely  too  high.  It  is  not  applicable  to  alum  powders  even 
with  the  correction  made  above.  For  a  rough  method  it  answers  fairly 
well  and  it  is  quite  easy  of  execution. 

ESTIMATION   OF   PHOSPHOEIC    ACID. 

This  determination  was  made  in  the  same  manner  as  in  fertilizers,  as 
prescribed  by  the  Association  of  Official  Agricultural  Chemists  at  their 
last  meeting,  as  follows  :  ^ 

Weigh  out  2  grams  of  the  sample,  ignite  carefully  in  a  muffle,  and 
treat  with  30  cubic  centimeters  concentrated  nitric  acid. 

Boil  gently  until  all  phosphates  are  dissolved  and  all  organic  matter 
destroyed ;  dilute  to  200  cubic  centimeters ;  mix  and  pass  through  a 
dry  filter;  take  50  cubic  centimeters  of  filtrate;  neutralize  with  am- 
monia. To  the  hot  solutions  for  every  decigram  of  P2O5  that  is  present 
add  50  cubic  centimeters  of  molybdic  solution.  Digest  at  about  65^  C 
for  one  hour,  filter,  and  wash  with  water  or  ammonium  nitrate  solution. 
(Test  the  filtrate  by  renewed  digestion  and  addition  of  more  molybdic 
solution.)  Dissolve  the  precipitate  on  the  filter  with  ammonia  and  hot 
water  and  wash  into  a  beaker  to  a  bulk  of  not  more  than  100  cubic  centi- 
meters. Nearly  neutralize  with  hydrochloric  acid,  cool,  and  add  mag- 
nesia mixture  from  a  burette;  add  slowly  (one  drop  per  second),  stir- 
ring vigorously.  After  fifteen  minutes  add  30  cubic"  centimeters  of 
ammonia  solution  of  density  0.95,     Let  stand  several  hours  (two  hours 

i  Fully  described  in  Bull.  No.  1.5,  p.  32. 

2  Communicated  to  the  author  in  MSS. 

3  BuU,  No.  19,  Chem.  Div.  U.  S.  Dep't  Ag'l,  p.  58. 


BAKING    POWDERS.  593 

are  usually  enough).    Filter,  wash  with  dilute  ammonia,  ignite  intensely 
for  ten  minutes,  and  weigh. 

ESTIMATION  OF  TARTARIC  ACID. 

The  method  used  in  this  estimation  was  that  known  as  the  "  Golden- 
berg  Geromont,"  which  is  described  in  full  in  Chemiker  Zeitung,  12,  1888, 
390.  This  and  other  methods  for  the  estimation  of  tartaric  acid  in 
crude  argol  and  other  raw  materials  were  lately  submitted  to  a  critical 
comparison  in  the  tartrate  factory  at  Nienburg;^  the  Goldenberg- 
Geromont  method  avoided  the  principal  sources  of  error  and  is  recom- 
mended as  the  best  and  most  easy  of  execution. 

The  procedure  as  modified  for  application  to  a  tartrate  baking-pow- 
der is  as  follows: 

Weigh  out  5  grams,  wash  into  a  500-cubic  centimeter  flask  with  about 
100  cubic  centimeters  of  water ;  add  15  cubic  centimeters  of  strong  hydro- 
chloric acid  5  make  up  to  mark  and  allow  the  starch  to  settle.  Filter, 
measure  out  50  cubic  centimeters  of  the  clear  filtrate  ;  add  to  it  10  cubic 
centimeters  of  a  solution  of  carbonate  of  potash  containing  300  grams 
K2CO3  to  the  liter  and  boil  half  an  hour  5  filter  into  a  porcelain  dish  and 
evaporate  filtrate  and  washings  to  a  bulk  of  about  10  cubic  centimeters. 
Add  gradually  with  constant  stirring  4  cubic  centimeters  glacial  acetic 
acid,  and  then  100  cubic  centimeters  of  95  per  cent,  alcohol,  stirring  the 
liquid  until  the  precipitate  floating  in  it  assumes  a  crystalline  appear- 
ance. After  it  has  stood  long  enough  for  this  precipitate  to  form  and 
settle,  best  for  several  hours,  decant  through  a  small  filter,  add  alcohol 
to  the  precipitate,  bring  it  on  the  filter,  wash  out  the  dish  and  finally 
the  filter  carefully,  with  alcohol,  until  it  is  entirely  free  from  acetic  acid. 
Transfer  filter  and  precipitate  to  a  beaker,  add  water  and  boil,  washing 
out  the  dish  also  with  boiling  water  if  any  of  the  j)recipitate  adheres 
to  it.  The  resulting  solution  is  titrated  with  decinormal  alkali  solution, 
using  phenol-phthalein  as  indicator;  1  cubic  cmitimeter  decinormal 
alkali  corresponds  to  .0188  grams  of  i^otassium  bitartrate,  or  .0150  grams 
of  tartaric  acid. 

ESTIMATION  OF  ALKALIES. 

The  estimation  of  the  soda  and  potash  in  the  powders  was  carried 
out  by  separating  them  as  chlorides,  determining  the  potash  as  potas- 
sium platiuic  chloride  and  calculating  the  diff"erence  as  sodium  chloride. 
The  detailed  procedure  was  similar  to  that  used  by  the  Association  of 
Official  Agricultural  Chemists  for  determining  potash  in  fertilizers,  as 
follows : 

Weigh  out  5  grams  into  a  platinum  dish  and  incinerate  in  a  muffle 
at  a  low  heat.  The  charred  mass  is  well  rubbed  up  in  a  mortar,  then 
boiled  15  minutes  with  about  200  cubic  centimeters  of  water  to  which 

1  Chemiker  Zeitung  13,  1889,  160. 
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has  been  added  a  little  hydrochloric  acid.  The  whole  is  transferred  to  a 
500-ciibic  centimeter  flask  and  after  cooling  made  up  to  the  mark  and 
filtered.  Of  the  filtered  liquid  100  cubic  centimeters,  representing  1 
gram  of  the  sample,  are  measured  out,  heated  in  the  water  bath,  and 
slight  excess  of  barium  chloride  added;  then  without  filtering  barium 
hydrate  is  added  in  slight  excess,  the  precipitate  filtered  off  and  washed. 
To  the  filtrate  is  added  a  little  ammonium  hydrate  and  then  ammonium 
carbonate  until  all  the  barium  is  precipitated.  This  precipitate  is  fil- 
tered and  washed,  the  filtrate  evaporated  to  dryness  and  carefully  igni- 
ted until  all  volatile  matter  is  driven  off,  when  it  is  weighed.  This  gives 
the  weight  of  the  mixed  chlorides.  The  residue  is  taken  up  with  hot 
water,  from  5  to  10  cubic  centimeters  of  a  10  per  cent,  solution  of 
platinic  chloride  added,  and  the  whole  evaporated  to  a  sirupy  con- 
sistence in  the  water  bath;  then  it  is  treated  with  strong  alcohol,  the 
precipitate  washed  with  alcohol  by  decantation,  transferred  to  aGooch 
crucible,  dried  at  100°  C,  and  weighed.  The  weight  of  the  precipitate 
multiplied  by  .19308  gives  the  weight  of  K2O,  and  by  .3056  the  equiva- 
lent amount  of  KGl.  The  weight  of  KGl  found  is  subtracted  from  the 
weight  of  the  mixed  chloride,  the  remainder  being  the  NaCl,  which  mul- 
tiplied by  .5300  gives  the  weight  of  Na20  in  the  sample. 

ESTIMATION  OF  ALUIMINIUM. 

In  the  case  of  a  "  straight"  alum  powder,  the  simple  estimation  by 
burning  to  ash,  extracting,  and  determining  the  alum  by  direct  precip- 
itation with  ammonia  would  probably  be  accurate,  but  in  view  of  the 
frequent  use  of  flour  as  a  "  filler,''  as  well  as  of  the  presence  of  calcium 
as  an  impurity,  it  is  best,  even  with  those  made  up  with  alum  alone, 
to  use  a  method  which  will  insure  a  complete  separation  of  the  alum. 
The  following  procedure,  given  by  Allen  for  the  quantitative  estimation 
of  alum  in  bread,  was  found  to  give  good  results  with  baking-powders : 

Take  5  grams  and  incinerate  in  a  muffle.  The  heat  should  be  mod- 
erate so  as  not  to  fuse  the  ash.  The  process  is  completed  by  adding 
pure  sodium  carbonate  and  a  little  niter,  and  heating  the  mixture  to 
fusion.  The  product  is  rinsed  out  with  water  into  a  beaker,  acidulated 
with  hydrochloric  acid,  and  evaporated  to  dryness.  The  residue  is 
taken  up  with  dilute  acid,  the  liquid  made  up  to  500  cubic  centimeters 
in  a  graduated  flask,  filtered,  and  50  cubic  centimeters  taken  for  pre- 
cipitation. To  the  solution  dilute  ammonia  is  added  until  the  precipi- 
tate barely  redissolves  on  stirring,  when  a  slightly  acid  solution  of  am- 
moninin  acetate  is  added,  and  the  liquid  brought  to  a  boil.  After  a  few 
minutes'  heating  the  solution  should  be  set  aside  for  some  hours,  when 
its  appearance  should  be  observed.  (If  gelatinous  it  probably  consists 
solely  of  iron  and  alum  phosphates,  but  if  granular  more  or  less  of  the 
earthy  phosphates  have  been  co-precipitated;  then  it  should  be  sepa- 
rated, redissolved  in  dilute  hydrochloric  acid,  the  solution  again  neu- 
tralized with  ammonin,  and  treated  with  ammonium  acetate.)    The  pre- 
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cipitate  of  iron  and  aluminium  phosphates  is  filtered  off,  washed,  and 
redissolved  in  the  smallest  quantity  of  hydrochloric  acid.  The  resultant 
solution  is  poured  into  an  excess  of  an  aqueous  solution  of  pure  caustic 
soda  contained  in  a  platinum  or  nickel  vessel.  After  heating  for  some 
time,  the  liquid  is  considerably  diluted  and  filtered.  The  filtrate  is  acid- 
ulated with  hydrochloric  acid,  ammonium  acetate  and  a  few  drops  of 
sodium  phosphate  added,  and  then  a  slight  excess  of  ammonia.  The 
liquid  is  kept  hot  till  all  smell  of  ammonia  is  lost,  when  it  is  filtered, 
and  the  precipitated  aluminium  phosphate  washed,  ignited,  and  weighed. 
Its  weight  multiplied  by  3.713  gives  the  ammonia  alum  (hydrated),  or 
by  3.873  the  potash  alum  in  the  .5  grams  of  sample  taken. 

In  the  phosphate  and  alum  powders  the  above  method  gave  a  fairly 
good  separation  of  the  alum,  but  the  following  separation  by  means  of 
molybdenum  was  found  to  be  more  exact,  and  at  the  same  time  much 
more  convenient  of  application.  It  was  adapted  to  the  powders  by  Mr. 
K.  P.  McElroy. 

Weigh  out  5  grams  into  a  platinum  dish,  char,  treat  with  strong  nitric 
acid,  and  filter  into  a  500  cubic  centimeter  flask.  After  washing  the 
residue  slightly,  transfer  filter  and  all  back  to  the  platinum  dish  and 
burn  to  whiteness.  To  the  ash  add  mixed  carbonates  and  fuse.  Take 
up  with  nitric  acid,  evaporate  to  dryness,  acidify  again  with  nitric  acid, 
and  wash  all  into  the  500  cubic  centimeter  flask.  Nearly  neutralize  the 
contents  of  the  flask  with  ammonia,  and  add  molybdate  of  ammonium 
sufficient  to  precipitate  all  the  phosphoric  acid  present.  Allow  to  stand 
some  time,  make  ui3  to  the  mark,  shake  thoroughly,  and  filter  off  100  cu- 
bic centimeters  through  a  dry  filter.  This  is  exactly  neutralized  with 
ammonia,  keeping  the  solution  as  cool  as  possible  to  avoid  the  deposi- 
tion of  molybdic  acid.  Filter  and  wash  the  precipitate,  redissolve  in 
dilute  nitric  acid  with  the  addition  of  a  little  ammonium  nitrate,  and 
precipitate  as  before.  Filter  through  a  paper  filter,  burn,  ignite,  and 
weigh  as  AI2O3.  The  alumina  and  phosphoric  acid  may  be  determined 
in  the  same  sample  by  the  above  method,  modifying  it  as  follows:  When 
the  solution,  ash,  etc.,  have  all  been  brought  into  the  graduated  flask, 
make  up  to  the  mark  without  adding  molybdate,  filter  and  take  100 
cubic  centimeters,  nearly  neutralize  with  ammonia,  add  ammonium  ni- 
trate and  molybdate  of  ammonium,  digest  and  filter.  The  filtrate  con- 
tains the  aluminium  and  may  be  precipitated  with  ammonia  as  above, 
while  the  phosphoric  acid  is  all  contained  in  the  precipitate,  which  may 
be  redissolved  in  ammonia  and  precipitated  with  magnesia  mixture. 

ESTIMATION  OF   CALCIUM. 

This  determination  was  made  as  follows :  Weigh  out  5  grams  of  the 
sample,  transfer  to  a  500  cubic  centimeter  flask,  add  40  or  50  cubic  cen- 
timeters of  water,  and  then  20  or  30  cubic  centimeters  of  strong  hydro- 
chloric acid.  Make  up  to  the  mark  with  water,  shake  thoroughly,  and 
set  aside  to  allow  starch  to  settle.    Filter  through  a  dry  filter,  and  take 
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aliquot  parts  of  the  filtrate  for  precipitation  ;  in  phosphate  powders  not 
more  than  50  cubic  centimeters  should  be  used.  Nearly  neutralize  with 
ammonia,  acidify  slightly  with  acetic  acid,  add  ammonia  acetate,  and 
boil.  Filter  from  the  precipitate,  if  there  be  any,  add  ammonium  ox- 
ahite,  and  allow  to  stand  several  hours.  Filter  into  a  Gooch  crucible, 
and  dry  at  100°.     Weigh  as  oxalate. 

ESTIMATION   OF   SULPHURIC   ACID. 

The  sulphuric  acid  was  estimated  without  previous  ignition  of  the 
powder,  as  follows : 

Weigh  out  .5  to  1  gram  of  the  powder,  according  to  its  character,  the 
former  quantity  being  more  convenient  for  alum  powders,  and  transfer 
to  a  beaker.  Digest  with  strong  hydrochloric  acid  until  all  of  the  pow- 
der, including  the  starch,  goes  into  solution;  add  barium  chloride  to 
slight  excess  while  still  hot,  and  allow  it  to  stand  for  twelve  hours,  or 
over  night.    Filter  through  a  Gooch  crucible,  ignite,  and  weigh. 

ESTIMATION   OF   AMMONIA. 

Ammonia  is  present  either  as  'bicarbonate,  or  as  ammonium  sulphate 
in  the  alum  powders.  TLie  estimation  yv^as  made  by  the  Kjeldahl 
method,  as  used  by  the  Association  of  Official  Agricultural  Chemists.^ 
Where  flour  instead  of  starch  is  used  as  a  filling  the  gluten  would  give 
ammonia,  of  course,  and  wherever  a  tartrate  powder  was  found  to  give 
any  a])preciable  amount  of  ammonia  by  the  method,  a  weighed  portion 
was  taken,  water  added,  the  solution  filtered  from  the  starch,  and  sub- 
jected to  analysis.  The  results  were  practically  the  same  as  those  ob- 
tained directly  from  the  powder.  Probably  flour  is  not  often  used.  In 
the  case  of  the  alum  powders,  the  difference  that  would  be  made  by 
flour  filling  was  disregardeil,  as  the  amount  of  alum  present  is  suffi- 
ciently established  by  the  percentage  of  aluminium  oxide  and  sulphuric 
acid  found ;  the  amount  of  ammonia  found  was  almost  invariably  low 
in  proportion  to  these  other  constituents  of  ammonia  alum. 

ESTIMATION  OF  MOISTURE. 

The  percentage  of  water  of  association  and  combination  as  given  in  the 
analyses  was  obtained  by  difference.  A  number  of  attempts  were  made 
to  estimate  it  directly  in  the  following  way  :  A  weighed  portion  of  the 
sample  was  placed  in  a  U  tube,  which  was  kept  immersed  in  boiling 
water.  At  one  end  this  tube  was  connected  with  a  series  of  sulphuric- 
acid  wash-bottles,  and  at  the  other  with  weighed  potash  bulbs  filled 
with  sulphuric  acid,  and  beyond  these  with  an  aspirator.  In  this  way 
a  current  of  dried  air  was  drawn  through  the  sample  while  it  was  kept 
at  lOOo  C,  and  the  water  drawn  from  it  in  this  way  was  absorbed  by  the 
sulphuric  acid  in  the  potash  bulb,  while  the  carbonic  acid  was  drawn 

1  Fully  described  in  Bull.  No.  19,  Chem.  Div.  U.  S.  Dep't  Agriculture. 
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into  the  aspirator.  The  increase  in  weight  of  the  potash  bulbs  gave 
the  weight  of  water  absorbed.  It  was  found,  however,  that  the  sample 
would  cake  into  a  hard  mass,  through  which  a  channel  would  form 
which  would  permit  the  passage  of  the  current  of  dry  air,  without  af- 
fecting the  greater  mass  of  the  powder,  and  no  exact  results  could 
be  obtained.  Some  improvement  was  made  by  mixing  the  powder 
with  dry  oxide  of  zinc,  so  as  to  prevent  the  formation  of  a  channel, 
but  still  the  results  were  not  at  all  satisfactory,  and  the  attempt  to 
make  a  direct  estimation  was  finally  abandoned.  Even  if  the  determi- 
nation could  be  made  exact,  it  is  doubtful  if  all  the  water  of  combina- 
tion could  be  obtained  at  100^  C,  especially  in  phosphate  and  alum 
powders,  and  probably  a  temperature  high  enough  to  accomplish  this 
would  eifect  a  decomposition  of  the  starch. 

EXPRESSION  OF   THE  RESULTS   OF  ANALYSIS. 

The  results  of  analysis  are  given,  first,  as  acid  and  basic  radicals  in 
percentage  composition  while  in  the  second  part  of  each  table  an  attempt 
has  been  made  to  combine  these  into  salts  showing  the  constitution  of 
the  powder.  The  difficulties  attending  this  calculation  of  the  pro- 
bable combination  of  the  acids  and  bases  were  so  great  that  I  was 
irequently  tempted  to  give  it  up  entirely  and  state  only  percentage  com- 
position. I  finally  concluded  to  insert  the  calculation  with  the  proviso 
that  it  should  be  considered  at  best  merely  an  approximation  to  the 
exact  composition  or  the  povvder.  The  obstacles  in  the  way  of  an  exact 
calculation  may  be  stated  as  follows :  In  the  first  place  the  amount  of 
total  carbonic  acid  found  is  always  less  than  that  required  to  form  bi- 
carbonate of  soda  with  the  amount  of  sodium  oxide  found.  This  is 
undoubtedly  due  to  a  partial  action  of  the  acid  constituent  of  the  pow- 
der upon  the  bicarbonate,  by  which  carbonic  acid  has  been  lost.  The 
percentage  of  bicarbonate  is  therefore  calculated  from  the  per  cent, 
of  carbouic  acid  found,  and  the  excess  of  sodium  oxide  left  is  stated  as 
"residual"  sodium  oxide,  without  attempting  to  make  further  hypotheses 
as  to  the  results  of  its  combination  with  the  acid  constituent.  It  is 
possible  that  part  of  the  bicarbonate  may  become  converted  into  the 
normal  carbonate  under  the  conditions  of  being  mixed  and  in  contact 
with  other  chemicals,  though  this  is  not  likely ;  then  the  indefinite 
composition  of  many  of  the  commercial  salts  used  in  the  powders  ren- 
ders it  an  extremely  difficult  matter  to  arrive  at  any  satisfactory  con- 
clusion as  to  the  make  up  of  the  powder  in  which  they  are  used.  The 
acid  phosphate  of  lime,  for  instance,  is  a  very  variable  substance,  and 
even  ammonia  alum,  which  might  reasonably  be  supposed  to  be  constant 
in  its  composition,  is  found  to  vary  widely  from  the  theoretical.  Its 
content  of  water  varies  according  to  the  greater  or  less  amount  of  dry- 
ing it  has  undergone,  and  aside  from  this  the  ratios  of  the  ammonia,  sul- 
phuric acid,  and  alumina  to  one  another  are  at  variance  with  the  formula. 
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This  is  shown  by  the  following  analysis  of  a  sample  of  commercial 
ammonia  alnm  obtained  in  a  powdered  condition : 

Analysis  of  commercial  ammonia  alum. 


Constituents. 


Alntninititn  oxide,  ALOs 

Sulphuric  acid,  SO3 

A  mraonia,  NH3 

Water  of  crystallization  (by  difference) 


100. 00 


Found. 

Theoretical 
composition. 

Per  cent. 

Per  cent 

12.62 

11.36 

34.17 

35.28 

2.75 

3.75 

50.46 

49.61 

100.  00 


This  indicates  that  the  commercial  salt  is  somewhat  basic  as  regards 
the  alumina,  yet  there  is  a  deficiency  of  ammonia,  so  that  if  the  former 
is  all  combined  with  sulphuric  acid  as  normal  sulphate,  there  is  still  not 
sufficient  of  the  acid  left  for  combination  with  the  ammonia,  although 
the  latter  is  present  in  too  low  a  proportion  to  the  other  constituents. 
This  anomaly  holds  good  throughout  many  of  the  samples. 

I  have  expressed  the  sum  total  of  the  alumina,  sulphuric  acid,  and 
ammonia  as  ''  anhydrous  ammonia  alum,"  combining  the  sulphuric  acid, 
first  with  the  alumina  as  far  as  it  went,  and  the  rest  with  the  ammonia, 
and  where  there  was  not  sufi&cient  for  combination  with  all  the  ammonia 
adding  the  latter  as  aynmonia. 

The  presence  of  acid  phosphate  of  lime  still  further  complicates  this 
calculation,  as  it  is  a  question  how  much  of  the  sulphuric  acid  should  be 
taken  from  the  alum  to  combine  with  part  of  the  lime  as  sulphate  of 
lime. 

In  the  expression  of  the  results  where  acid  phosphate  of  lime  is  pres- 
ent, I  have  combined  the  lime  with  phosphoric  acid  as  normal  phos- 
phate as  far  as  it  went,  and  added  the  rest  as  free  phosphoric  acid, 
grouping  the  whole  together  and  calling  it  ^'  acid  phosphate  of  lime." 
Following  is  an  analysis  of  a  sample  of  commercial  acid  phosphate  of 
lime,  obtained  from  the  trade: 

Analysis  of  commercial  acid  phosphate  of  lime. 

Per  cent. 

Calcium  oxide,  CaO 24.93 

Phosphoric  acid,  P2O5 52.45 

Sulphuric  acid,  SO3 15 

Water-. , 22.80 

100.33 

In  this  sample  the  ratio  of  lime  to  phosphoric  acid  is  about  1 : 2, 
and  this  relation  holds  good  in  many  of  the  powders  containing  the 
lihosphate,  but  in  some  it  is  quite  different.  The  above  sample  is  al- 
most free  from  sulphate  of  lime,  while  many  of  the  powders  show  con- 
siderable quantities  of  it,  indicating  that  all  the  acid  phosphates  are 
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not  so  pure  in  this  respect.  Chemists  will  readily  understand  the  im- 
possibility of  giving  the  proportions  of  the  various  forms  of  lime  phos- 
phates contained  in  such  a  substance.  As  gi  ven  in  the  tables  the  relative 
acidity  is  shown,  though  of  course  the  phosphoric  acid  does  not  occur  as 
free  acid. 

Both  the  alum  and  the  lime  phosphate  contain  large  percentages  of 
water,  hygroscopic  moisture  in  the  latter,  and  crystallization  water  in 
the  former,  so  that  the  per  cents,  of  the  "  anhydrous  "  salts  given  are 
always  lower  than  the  proportions  of  the  hydrated  salts  originally  used 
in  compounding  the  powder.  Nearly  half  the  weight  of  the  alum  is 
crystallization  water,  some  part  of  which  is  probably  driven  off  in  some 
cases  when  it  is  used  for  baking-powder  purposes,  but  there  are  no 
means  of  ascertaining  how  much,  and  of  course  the  moisture  in  the  acid 
phosphate  would  vary  in  different  samples,  so  there  is  no  possible  way 
of  approximating  the  amounts  of  the  hydrated  substances,  as  they  were 
originally  used. 

Ammonia  bicarbonate  is  another  substance  of  indefinite  composition. 
As  given  in  the  tables  it  has  been  calculated  from  the  ammonia  found, 
upon  the  assumed  composition  given  it  in  the  U.  S.  Pharmacopoeia,  viz, 
NH4HCO3.KH4NH2CO2. 

In  case  ammonia  carbonate  were  present  in  any  of  the  powders  con- 
taining ammonia  alum,  I  know  of  no  way  of  estimating  the  amount  or 
even  the  fact  of  its  presence  in  the  small  quantities  used. 

The  percentage  of  "  available  carbonic  acid "  is  placed  first  in  the 
tables  as  constituting  the  most  important  indication  of  the  efSciency  of 
the  sample  as  an  aerating  agent. 

TARTRATE  POWDERS. 

5503. — Boya  Baking-Powder. 
[Manufactured  by  The  Koyal  Baking-Powder  Company,  New  York  1 

Available  carbonic  acid percent..  12.74 

Cubic  inches  per  ounce  of  powder  at  212"  F 153.  0 

Leavening  gas  (available  CO.2  -\-  NH3) per  cent..  13.  06 

Cubic  inches  per  ounce  of  powder  at  212°  F 160. 6 

PERCENTAGE   COMPOSITION. 

Total  carbonic  acid,  CO.2 12.92 

Sodium  oxide,  NasO 10.30 

Potassium  oxide,  K-O 12.02 

Calcium  oxide,  CaO .13 

Ammonia,  NH3 .32 

Tartaric  acid,  C4H4O5 37.46 

Sulphuric  acid,  SO3 .25 

Starch 16.34 

Water  of  combination  and  association  by  difference 10. 26 

100.  00 
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PROBABLE   PERCENTAGE    COMBIX ATION. 

Sodium  bicarbonate,  NaHCOs 23. 61 

(Residual  sodium  oxide,  Na-O) 1.  59 

Ammonium  bicarbonate,  N3H11C.2O5 .98 

Potassium  bitartrate,  KHC4H4O6 53.  34 

Calcium  sulphate,  CaS04 .31 

Starch 16.34 

Water  of  association 3.  83 

100. 00 

This  powder  contains  a  small  quantity  of  ammonium  bicarbonate. 

5504. — Dr.  Frice's  Cream  BaMnq  Powder. 

[Made  hj  Price  Baking-Powder  Company,  New  York  and  Chicago.] 

Available  carbonic  acid per  cent..  11.13 

Cubic  inches  per  oance  of  powder  at  212°  F 133. 6 

PERCENTAGE   COMPOSITION. 

Total  carbonic  acid,C02 12. 25 

Sodium  oxide,  Na.20 11.03 

Potassium  oxide,  K2O 11.  71 

Calcium  oxide,  CaO .19 

Tartaric  acid,  C4H4O5 35. 14 

Sulphuric  acid,  SO3 .12 

Starch 18.43 

Water  of  combination  and  association  by  difference 11.13 

100.  00 

PROBABLE  PERCEVTAGE  COMBINATION. 

Sodium  bicarbonate,  NaHCOg 23.38 

(Residual  sodium  oxide,  Na^O) 2.  40 

Potassium  bi tartrate,  KHC4H4O6 50.  04 

Calcium  sulphate,  CaS04 .20 

Starch -: 18.43 

Water  of  association 5.  55 

100. 00 
5505. — Cleveland's  Superior  Baking- Poivder. 

[Made  by  Cleveland  Brothers,  911  and  913  Broadway,  Albany,  N.  Y.] 

Available  carbonic  acid per  cent..  12.5S 

Cubic  inches  per  ounce  of  powder  at  212°  F 151. 1 

PERCENTAGE  COMPOSITION. 

Total  carbonic  acid,  CO2  .  -  -   13.  21 

Sodium  oxide,  Na^O 13.  58 

Potassium  oxide,  K2O -. 14.  93 

Calcium  oxide,  CaO .18 

Tartaric  acid,  C4H4O5 41.60 

Sulphuric  acid,  SO3 .10 

Starch 7.42 

Water  of  combination  and  association  by  diQ'ereuc§ . . ,  ^  ^ , , , ,  ^ , . . . ,  ^ ,  ^ . . , , ,  8. 98 

100. 00 
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PROBABLE  PERCENTAGE  COMBINATION. 

Sodium  bicarbonate,  NaHCOs 25.21 

(Residual  sodium  oxide,  NaaO) , .  4.28 

Potassium  bitartrate,  KHC4H4O6 59. 25 

Calcium  sulphate,  CaS04 .17 

Starch 7.42 

Water  of  association 3.67 

100. 00 
5507. — Sea  Foam  ( Gantz)  Baling-Poivder. 

[Made  by  Gantz,  Jones  &  Co.,  176  Duane  street,  New  York.] 

Available  carbonic  acid per  cent . .  S.03 

Cubic  inches  per  ounce  of  powder  at  212  °  F 9(5.  5 

PERCENTAGE   COMPOSITION. 

Total  carbonic  acid,  CO2 8. 10 

Sodium  oxide,  NajO 15.  47 

Potassium  oxide,  K2O 15.24 

Calcium  oxide,  CaO .78 

Tartaric  acid,  C4H4O5 44.18 

Starch 5.  32 

Water  of  combination  and  association  by  diifereuce.. 10.91 

100. 00 

PROBABLE  PERCENTAGE  COMBINATION. 

Sodium  bicarbonate,  NaHCOs 15.  46 

(Residual  sodium  oxide,  Na^O) 9.  77 

Potassium  bitartrate,  KHC4H4O6 62. 92 

(Calcium  oxide,  CaO) .78 

Starch 5.32 

Water  of  association 5.75 

100.  00 
This  and  the  preceding,  No.  5505,  contain  very  small  quantities  of 

starch,  apparently  rather  too  little  for  the  proper  preservation  of  the 
last  sample. 

5522. — Heclcefs  Perfect  Baking -Powder. 

IMade  by  George  Y.  Hecker  &  Co.,  205  Cherry  street,  K"ew  York,] 

Available  carbonic  acid per  cent..  9.29 

Cubic  inches  per  ounce  of  powder  at  212^  F 111.6 

PERCENTAGE   COMPOSITION. 

Total  carbonic  acid,  CO2 9. 26 

Sodium  oxide,  NajO 11. 61 

Potassium  oxide,  K2O 11.  63 

Calcium  oxide,  CaO 91 

Tartaric  acid,  C4H4O5 39.  74 

Sulphuric  acid,  SO3 ,22 

Starch 12.78 

Water  of  combinatioji  and  association  by  difference .,  ^ .,..,.,,,..,, , 13. 85 

100. 00 
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PROBABLE  PEKCENTAGE  COMBINATION. 

Sodium  bicarbonate,  NaHCOa o  17. 67 

(Residual  sodium  oxide,  NagO) 5.  09 

Potassium  bitartrate,  KHC4H«06 56.  60 

Calcium  sulphate,  CaS04 .37 

(Calcium  oxide,  CaO) 76 

Starch 12.78 

Water  of  association 6.73 

100. 00 

This  sample  contaiDs  rather  more  lime  than  most  of  the  other  tartrate 
powders.  The  excess  given  above  is  probably  combined  with  tartaric 
acid  as  calcium  tartrate;  the  same  is  true  of  the  two  following  samples: 

5527. —  Gilbert  S.  Graves^ s  Imperial  BaTcing-Powder. 
[Made  by  The  Imperial  Baking-Powder  Company,  Buffalo,  N".  Y,] 

Available  carbonic  acid 7.28 

Cubic  inches  per  ounce  of  powder  at  212°  F 87o  4 

PERCENTAGE   COMPOSITION. 

Total  carbonic  acid,  CO2 8.47 

Sodium  oxide,  NazO , 13.62 

Potassium  oxide,  K2O 9. 42 

Calcium  oxide,  CaO .45 

Tartaric  acid,  C4H4O5 32.74 

Starch... 24.57 

Water  of  combination  and  association  by  difference 10.  73 


100.  00 


PROBABLE  PERCENTAGE  COMBINATION. 


Sodium  bicarbonate,  NaHCOs 16. 16 

(Residual  sodium  oxide,  Na20) 7.66 

Potassium  bitartrate,  KHC4H4O6 - 46. 63 

(Calcium  oxide,  CaO) .45 

Starch 24.57 

Water  of  association , 4.53 

100.00 
5529. — Thurher^s  Best  Baking-Powder. 

[Made  by  H.  K.  &  F.  B.  Thurber  &  Co.,  West  Broadway,  Eeade  and  Hudson  streets,  New  York.  | 

Available  carbonic  acid per  cent . .  10  26 

Cubic  inches  per  ounce  of  powder  at  212°  F 123. 2 

PERCENTAGE   COMPOSITION. 

Total  carbonic  acid,  CO?, » = 10.54 

Sodium  oxide,  NaaO 10.  65 

Potassium  oxide,  K2O 12. 26 

Calcium  oxide,  CaO .66 

Tartaric  acid,  C4H4O5 38. 75 

Sulphuric  acid,  SO3 .07 

Starch 13.41 

Water  of  combination  and  association  by  difference ..,.., , 13. 66 

100.  00 
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PROBABLE  PERCENTAGE  COMBINATION. 

Sodium  oicarbonate,  NaHCOs 20. 12 

(Residual  sodium  oxide,  Na^O) 3.22 

Potassium  bitartrate,  KHC4n406  -   55. 19 

Calcium  sulphate,  CaS04 .12 

(Calcium  oxide,  CaO) .61 

Starch 13.41 

Water  of  association 7. 33 

100.  00 
bold.— Sterling  BaTcing-Powder. 

[Made  by  Sterling  Manufacturing  Company,  Baltimore,  Md.] 

Available  carbonic  acid per  cent . .  9.53 

Cubic  inches  per  ounce  of  powder  at  212°  F 114 

Leaveuiug-gas  (available  CO3  +  NH3) per  cent . .  9.  90 

Cubic  inches  per  ounce  of  powder  at  212°  F 123.  3 

PERCENTAGE   COMPOSITION. 

Total  carbonic  acid,  CO2 '. 10.66 

Sodium  oxide,  NasO 10.38 

Potassium  oxide,  K2O .66 

Calcium  oxide,  CaO .15 

Ammonia,  NH.3 .37 

Tartaric  acid,  C4H4O5 21.94 

Starch 40.05 

Water  of  combination  and  association  by  d ifference 15.  79 

100. 00 

PROBABLE  PERCENTAGE  COMBINATION.  — 

Sodium  bicarbonate,  NaHCOs 19. 13 

(Residual  sodium  oxide,  Na^O) 3.  32 

Ammonium  bicarbonate,  X3HUC2O5 1. 14 

Free  tartaric  acid,  H-2C4H4O6 24.93 

Starch 40.05 

Water  of  association 11. 43 

100. 00 
This  aud  tlie  following  are  the  only  samples  examined  which  were 
made  up  with /ree tartaric  acid  as  the  sole  acid  constituent.     Both  con- 
tain small  quantities  of  ammonium  bicarbonate.     The  small  qiianticies 
of  potassium  and  calcium  oxide  probably  exist  as  tartrates. 
5535. — Our  Best  Baking -Powder. 
[Made  by  the  Purity  Chemical  Works,  Philadelphia,  Pa.] 

Available  carbonic  acid per  cent . .  4.9S 

Cubic  inches  per  ounce  of  powder  at  212°  F 9.8 

Leavening  gas  (available  CO2  +  iS'Hs) per  cent..  5.22 

Cubic  inches  j^er  ounce  of  powder  at  212°  F 65.  5 

PERCENTAGE    COMPOSITION. 

Total  carbonic  acid,  CO2 5. 13 

Sodium  oxide,  Na-O 13.  65 

Calcium  oxide,  CaO .07 

Ammonia,  NH3 .24 

Tartaric  acid,  C4H4O5 1^5. 48 

Sulphuric  acid,  SO3  . .61 

Starch 45.63 

Water  of  combination  and  association  by  difference 16. 19 

100. 00 
5360— pt.  5 4  
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PROBABLE  PERCENTAGE  COMBINATION. 

Sodium  bicarbonate,  NaHCOs 9.01 

(Residual  sodium  oxide,  NazO) 10.  32 

Ammonium  bicarbonate,  N3H11C2O5 .74 

Free  tartaric  acid,  H2C4H4O6 21.00 

(Sulphuric  acid,  SO3) „ .61 

Starch 45.63 

Water 12.69 

100.  00 

The  sulphuric  acid  in  this  sample  probably  is  present  as  sodium  sul- 
phate, which  may  be  simply  an  impurity  in  some  of  the  salts. 

PHOSPHATE   POWDERS. 

5506. —  Wlieat  Baking -Powder. 

[Made  by  Martin  Kalbfleisch's  Sons,  New  York.] 

Available  carbonic  acid per  cent..      3.79 

Cubic  inches  per  ounce  of  powder  at  212°  F 45.  5 


PERCENTAGE   COMPOSITION. 

Total  carbonic  acid,  CO3 5. 57 

Sodium  oxide,  NaiO   14. 10 

Potassium  oxide,  K2O 7. 49 

Calcium  oxide,  CaO 11.  96 

Phosphoric  acid,  P2O5. 36.69 

Sulphuric  acid,  SO3 .16 

Ammonia,  NH3 —  .16 

Water  of  combination  and  association  by  difference 23.  87 

100. 00 

This  powder  is  quite  peculiar  in  its  make-up.  It  contains  no  starch 
or  filling  and  has  a  very  low  per  cent,  of  available  gas.  It  contains  a 
small  quantity  of  ammonia  bicarbonate.  It  contains  a  considerable 
amount  of  potassium  oxide,  which  would  indicate  the  presence  of  an 
acid  phosphate  of  potash,  as  there  is  no  other  possible  combination  for 
this  base,  and  the  per  cent,  of  lime  is  hardly  suf&cient  to  answer  for  all 
the  phosphoric  acid  present. 

5508. — Bumford  Yeast  Poivder. 
[Made  by  Eumford  Chemical  Works,  Providence,  B.  I.] 

Available  carbonic  acid per  cent..    12.86 

Cubic  inches  per  ounce  of  powder  at  212"^  F 154.  5 

PERCENTAGE   COMPOSITION. 

Total  carbonic  acid,  CO2 13.  47 

Sodium  oxide,  NasO 12.  66 

Potassium  oxide,  K2O .31 

Calcium  oxide,  CaO 10. 27 

Phosphoric  acid,  P2O5 21.  83 

Starch 26.41 

Water  of  combination  and  association  by  difference 15.  05 

100.  00 


BAKING  POWDERS.  605 

PROBABLE  PERCENTAGE  COMBIXATION. 

Sodium  bicarbonate,  NaHCOs 25.71 

(Residual  sodium  oxide,  NaaO) 3.17 

Acid  phosphate  of  lime,  anbydrous  : 

Ca3(P04)2 1^-95 

H3PO4 - 1«-15 

37. 10 

Starch ''^6.41 

Water  of  association  (phosphate) 7.  (51 

100.  00 

5509.  — HorsforcCs  Self-raising  Bread  Prejyaration. 

[Made  by  Eumford  Chemical  Worts,  Providence,  E.  I.] 

THE  ACID  POWDER. 

PERCENTAGE   COMPOSITION. 

Calcium  oxide,  CaO 16.78 

Phosphoric  acid,  P2O5 23.97 

Sulphuric  acid,  SO3  •..: 6.00 

Starch -. 20.81 

Water  of  combination  and  associatian  by  diiference 32.  44 

100.  00 

PROBABLE  PERCENTAGE  COMBINATION. 

Acid  phosphate  of  lime : 

Ca3(P04)2 21.00 

H3PO4 19-«0 

40. 80 

Calcium  sulphate,  CaS04  11. 40 

Starch 20.81 

Water  of  association , 26.99 

100.  00 

This  sample  was  different  from  all  the  others  in  being  put  up  in  two 
separate  packages.  One  of  these  contained  the  acid  ingredient,  with 
starch  to  keep  it  from  becoming  dry,  and  the  other,  bicarbonate  of  soda. 
The  directions  are  to  mix  the  contents  of  both  papers,  if  the  whole  is  to 
be  made  use  of  at  once,  or  to  use  two  equal  measures  of  the  acid  part  to 
one  of  the  soda.  For  analysis  the  contents  of  the  papers  were  taken 
separately,  and  the  results  obtained  from  the  acid  part  are  given  above. 
The  other  paper  contained  simply  bicarbonate  of  soda  of  good  strength. 

For  the  determination  of  the  available  carbonic  acid  another  sample 
was  purchased,  the  entire  contents  of  both  papers  thoroughly  mixed, 
and  a  portion  of  the  mixed  j)owders  weighed  out  and  submitted  to  an- 
alysis. The  first  estimation  made  gave  13.56  per  cent,  available  car- 
bonic acid.  By  the  time  a  duplicate  estimation  was  made,  perhaps  an 
hour  after  the  first,  the  per  cent,  had  fallen  to  12.03,  showing  a  very 
rapid  deterioration,  or  loss  of  available  gas.  Two  subsequent  estima- 
tions made  the  same  day  gave,  respectively,  9.50  per  cent,  and  9.  per 
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cent.  Two  determinations  made  the  next  day  gave  8.35  per  cent,  and 
8.35  per  cent.  This  plan  of  keeping  the  acid  and  alkali  ingredients  sepa- 
rate appears  to  be  an  excellent  one,  though  it  is  similar  to  the  old  method 
of  using  cream  of  tartar  and  baking-soda,  with  acid  phosphate  of  lime 
substituted  for  the  cream  of  tartar.  The  acid  phosphate  used  in  this 
sample  contains  considerable  sulphate.  Thepreceding  sample  (No.  5508), 
though  made  by  the  same  firm,  is  entirely  free  from  it,  showing  that  it 
had  been  made  from  a  better  article  of  phosphate. 

ALUM  POWDERS. 

5526. —  Vienna  Baking-Powder. 

I  Made  by  the  Perm.  Chemical  Works,  Philadelphia,  Pa.] 

Available  carbonic  acid , per  cent..      6.41 

Cubic  inches  per  ounce  of  powder  at  212°  F 77,  0 

PERCEXTAGE  COMPOSITION. 

Total  carbonic  acid,  CO2 7.90. 

Sodium  oxide,  Na^O ., 6.99 

Calcium  oxide,  CaO .12 

Aluminium  oxide,  AI2O3 3. 65 

Ammonia,  NH3 - 1.02 

Sulphuric  acid,  SO3 10.11 

Starch 45.41 

Water  of  combination  and  association  by  difierence 24.  80 


100.  00 


PROBABi.^   PERCENTAGE   COMBINATION. 


Sodium  bicarbonate,  NaHCOs 18.98 

(Residual  sodium  oxide,  Na20) 1.43 

Ammonia  alum,  anhydrous: 

Al2(S04)3 - 12.15 

(NH4)2S04 2.65 

NHs -.  .34 

15. 14 

Starch ' 45.41 

Water  of  association  and  of  crystallization  (alum) 19.  04 

100. 00 

5528. — Metropolitan  Baliny-Poicder. 

[Made  by  Metropolitan  Perfume  Company.  Washington,  D.  C] 

Available  carbonic  acid per  cent . .  8.10 

Cubic  inches  per  ounce  of  powder  at  212°  F 97.  3 

PERCENTAGE   COMPOSITION. 

Total  carbonic  acid,  CO2 9.45 

Sodium  oxide,  NanO 9.52 

Aluminium  oxide,  AI2O  3 - 3. 73 

Ammonia,  NH3 1.07 

Sulphuric  acid,  SO3 10.71 

Starch 43.25 

Water  of  combination  an  d  association  by  difference 22.  27 

100.  00 
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PROBABLE   PERCENTAGE   CO  -iBINATION. 

Sodium  bicarbonate,  NaHCOs 18. 04 

(Residual  sodium  oxide,  NasO) 2. 86 

Ammonia  alum,  anhydrous : 

Al2(S04)3    12.42 

(NH4)2S04 3.33 

NH3 21 

—^ 15.  96 

Starch 43.25 

Water  of  association  and  crystallization  (alum) 19^  89 

100. 00 

5531. — Cottage  BaJcing-Poivder. 

[Made  by  New  York  Yeast  Company,  New  York.] 

Available  carbonic  acid    per  cent . .  6.63 

Cubic  inches  per  ounce  of  powder  at  212°  F - 79.  5 

PERCENTAGE  COMPOSITION, 

Total  carbonic  acid,  CO2 7. 80 

Sodium  oxide,  NaaO 6. 77 

Aluminium  oxide,  AI2O3 3.92 

Ammonia,  NH3 .94 

Sulphuric  acid,  SO3 10.63 

Starch 52.29 

Water  of  combination  and  association  by  difference 20. 10 

100. 00 


PROBABLE  PERCENTAGE   COMBINATION. 

Sodium  bicarbonate,  NaHCOs 14.89 

(Residual  sodium  oxide,  NaaO) 1.28 

Ammonia  alum,  anhydrous : 

Al2(S04)3 14.05 

(NH4)2S04 3.47 

NH3 32 

17. 84 

Starch 52.29 

Water  of  association  and  crystallization  (alum) 13.70 

100. 00 

MIXED  POWDERS. 

5514. — Dooley's  Baking-Poivder. 

[Made  by  Dooley  &  Bro.,  New  York.l 

Available  carbonic  acid per  cent..      9.62 

Cubic  inches  per  ounce  of  powder  at  212"  F 115.6 
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PERCENTAGE   COMPOSITION.  • 

Total  carbonic  acid,  CO2 9.55 

Sodium  oxide,  NaaO 10.  31 

Potassinm  oxide,  K2O 4.  51 

Ammonia,  NH3 .22 

Alu minium  oxide,  AI2O3 3. 25 

Calcium  oxide,  CaO .35 

Sulphuric  acid,  SO3 - 7.  85 

Tartaric  acid,  C4H4O5 (?) 

Starch 31.54 

Water  of  combination  and  association  (including  tartaric  acid)  by  differ- 
ence    32.42 


100.  00 


In  this  and  the  following  sample  no  satisfactory  estimation  of  the 
tartaric  acid  could  be  obtained  in  presence  of  the  altim.  Both  contain 
free  tartaric  acid,  and  the  potash  present  is  probably  combined  as  bi- 
tartrate.  This  sample  contains  a  trace  of  phosphoric  acid.  This  form 
of  mixed  powder  should  undoubtedly  be  condemned. 

5523. — Miles^  Premium  Bahing- Powder. 

[Made  by  Joseph  H.  Larzelere  &  Co.,  Philadelphia,  Pa.] 

Available  carbonic  acid per  cent..      3.56 

Cubic  inches  per  ounce  of  powder  at  212°  F 42. 8 

PERCENTAGE   COMPOSITION. 

Total  carbonic  acid,  CO2 • 3. 43 

Sodium  oxide,  Na20 10.05 

Potassium  oxide,  K2O 4. 78 

Calcium  oxide,  CaO .28 

Ammonia,  NH3 .73 

Aluminium  oxide,  AI2O3 3.  59 

Tartaric  acid,  C4H4O5. (?) 

Sulphuric  acid,  SO3 9.65 

Starch... 18.72 

Water  of  combination  and  association  (including  tartaric  acid)  by  differ- 
ence    48.77 


100. 00 

ALUM  AND  PHOSPHATE   POWDERS. 

5510. — Henkels^  Baking-Poivder. 

[Made  by  Henkela  Bros.,  Paterson,  K  J.] 

Available  carbonic  acid per  cent..      7. 74 

Cubic  inches  per  ounce  of  powder  at  212°  F 93.  0 
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PERCENTAGE   COMPOSITION. 

Total  carbonic  acid,  CO2 8.34 

Sodium  oxide,  Na20 12.25 

Aluminium  oxide,  AI2O3 3.  57 

Calcium  oxide,  CaO 1.  80 

Phosphoric  acid,  P^Os 5.  60 

Sulphuric  acid,  SO3 9.79 

Ammonia,  NH3 .86 

Starch 40.91 

Water  of  combination  and  association  by  difference 16.  88 


100.  00 


PROBABLE  PERCENTAGE  COMBINATION. 

Sodium  bicarbonate,  NaHCOs 15.92 

(Residual  sodium  oxide,  Na-O) 6.  38 

Ammonia  alum,  anhydrous : 

A]2(S04)3 - - 11.89 

(NH4)2S04 - 2.42 

NH3 24 

14. 55 

Acid  phosphate  of  lime,  anhydrous : 

Ca3(P04)-2 3.32 

H3PO4 5.63 

8. 95 

Starcb 40.91 

Water  of  association  (phosphate)  and  crystallization  (alum) 13. 29 

100. 00 

5511. — Mason^s  Yeast-Poioder. 

[Made  by  the  Dixon  Yeast-Powder  Company,  231  Seventh  street  S.  W.,  Washington,  D.  C.J 

Available  carbonic  acid per  cent..  9.96 

Cubic  inches  per  ounce  of  powder  at  212°  F 119.6 

PERCENTAGE  COMPOSITION. 

Total  carbonic  acid,  CO2 10.66 

Sodium  oxide,  NajO 12.  58 

Aluminium  oxide,  AI2O3 4.27 

Calcium  oxide,  CaO 1. 17 

Phosphoric  acid,  P2O6 3. 58 

Sulphuric  acid,  SO3 11.02 

Ammonia,  NH3 1.  04 

Starch 43.83 

Water  of  combination  and  associations  by  differences 11.  85 

100.  00 
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PROBABLE  PERCEXTAGE  COMBIXATIOX. 

Sodium  bicarbonate,  XaHCOa 20.34 

(Residual  sodium  oxide,  Xa-iO) 5.07 

Ammonia  alum,  anhydrous: 

A1,(S04)3 14.22 

(NH4);S04 1.76 

NH3 59 

16. 57 

Acid  phosphate  of  lime,  anhydrous : 

Ca3(P04)2 -' 2.16 

H3PO4 3.57 

5. 73 

Starch 43.83 

Water  of  association  (phosphate)  and  crystallization  (alum) 8. 46 

100. 00 
5512. — Dlxoyi  Yeast-Powder. 

[ilade  by  the  Dixon  Teast-PoTvder  Company,  231  SeTenth  str-^et.  S.  W.,  "Waaliington,  D.  C] 

Available  carbonic  acid per  cent..   10.37 

Cubic  nches  per  ounce  of  powder  at  212°  F 124. 6 

PERCENTAGE  COMPOSITION. 

Total  carbonic  acid,  CO2 10.68 

Sodium  oxide,  Na-iO 14. 04 

Calcium  oxide,  CaO 1.29 

Alumini  um  oxide,  AI2O3 4. 59 

Ammonia,  XH3 1. 13 

Phosphoric  acid,  P.2O5 3. 38 

Sulphuric  acid,  SO3 11. 57 

Starch 42.93 

Water  of  combination  and  association  by  difference 10.  39 

100.  00 


PROBABLE  PERCENTAGE  COMBINATION. 

Sodium  bicarbonate,  !N'aHC03 20. 39 

(Residual  sodium  oxide,  Xa.:0)  •         6.52 

Ammonia  alum  anhydrous: 

A1,(S04)3 "- "^^-28 

(NH4).2S04 1-67 

NH3 '6 

17. 71 

Acid  phosphate  of  lime,  anhydrous: 

Ca:ifP04)2 2.38 

H3PO4 3- 1*' 

5. 54 

Starch '^2- 9^ 

Water  of  association  (phosphate)  and  crystallization  (alum) 6.91 

100.00 
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This  and  the  preceding  sample  are  made  by  the  same  firm,  and  are 
very  similar  in  composition. 

5515. — Patapsco  Baking-Powder. 

[Made  by  Smith,  Hanway  &  Co.,  Baltimore,  Md.    Put  up  in  glasses.] 

Available  carbonic  acid per  cent.,     y,  58 

Cubic  inches  per  ounce  of  powder  at  212°  F 91. 1 

PERCENTAGE  COMPOSITION. 

Total  carbonic  acid,  CO3 9. 18 

Sodium  oxide,  Na.jO 9. 83 

Aluminium  oxide,  AI2O3 4.55 

Calcium  oxide,  CaO 2.77 

Phosphoric  acid,  PaOs 1. 44 

Sulphuric  acid,  SO3 -  13.01 

Ammonia,  NH3 .91 

Starch 41.24 

Water  of  combination  and  association  by  difference 17. 07 

100. 00 


PROBABLE  PERCENTAGE  COMBINATION. 

Sodium  bicarbonate,  NaHCOs 17.52 

(Residual  sodium  oxide  Na^O) 3.  36 

Ammonia  alum,  anhydrous  : 

Al2(S04)3 15.15 

(NH4)2S04 3.53 

18. 68 

Calcium  sulphate,  CaS04 .46 

Acid  phosphate  of  lime,  anhydrous: 

CaO 2.58 

P2O6 1.44 

4.02 

Starch 41.24 

Water  of  association  (phosphate)  and  crystallization  (alum) 14.72 

100. 00 

This  and  the  three  samples  following  all  have  the  same  brand,  but 
were  put  up  in  different  shape,  Xo.  5515  being  contained  in  glass  bot- 
tles, Ko.  5516  in  tin  cans,  and  No.  5517  being  sold  in  bulk.  No.  5510  is 
another  brand  made  by  the  same  firm.  Of  these,  Nos.  5515  and  5517 
give  very  similar  results  on  analysis,  while  in  Nos.  5516  and  5519  the 
numbers  agree  closely  with  one  another,  though  quite  different  from  the 
other  two  samples.  In  Nos.  5515  and  5517  the  acid  phosphate  of  lime 
is  given  simply  as  the  sum  of  the  per  cents,  of  CaO  and  P2O5  found. 
There  is  probably  considerable  calcium  sulphate  in  these  samples,  but 
if  the  sulphuric  acid  is  combined  with  all  the  alum  there  is  not  enough 
left  for  combination  with  the  lime. 
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5516. — Patapsco  Baking- Poivder. 
[Made  by  Smith,  Hanway  &  Co.,  Baltimore,  Md.     In  tin  cans.] 

Available  carbonic  acid per  cent..  6.  "70 

Cubic  inches  per  ounce  of  powder  at  212°  F 55.  IG 

PERCENTAGE   COMPOSITION. 

Total  carbonic  acid,  CO3 7. 62 

Sodium  oxide,  NaiO 9.  21 

A]  uminium  oxide,  AI2O3 3.  61 

Calcium  oxide,  CaO 2.  66 

Ammonia,  NH3 ,88 

Phosphoric  acid,P.205 3.28 

Sulphuric  acid,  SO3 12. 26 

Starch 36.  .39 

Water  of  combination  and  association  by  difference 24.  09 


100.  00 


PROBABLE  PERCENTAGE  COMBINATION. 


Sodium  bicarbonate,  NaHCOg 14.54 

(Residual  sodium  oxide,  NasO) 3. 84 

Ammonia  alum,  anhydrous : 

A]2(S04)3 12.02 

(NH4)2S04 3.41 

15. 43 

Calcium  sulphate,  CaS04 3.  02 

Acid  phosphate  of  lime,  anhydrous: 

Ca3(P04)2 2.62 

H3PO4 2.87 

5. 49 

Starch 36.39 

Water  of  association  (phosphate)  and  crystallization  (alum) 21. 29 

100. 00 
5517. — Patapsco  BaMng-Powder. 

[Made  by  Smith,  Hanway  &  Co.,  Baltimore,  Md.    Sold  in  bulk.] 

Available  carbonic  acid per  cent..  §.  42 

Cubic  inches  per  ounce  of  powder  at  212"^  F 101. 1 

PERCENTAGE   COMPOSITION. 

Total  carbonic  acid,  CO2 9. 55 

Sodium  oxide,  Na20 8.33 

Aluminium  oxide,  AI2O3 , 4.  72 

Calcium  oxide,  CaO 2. 66 

Ammonia,  NH3 .86 

Phosphoric  acid,  P2O5 1.78 

Sulphuric  acid,  SO3 13. 18 

Starch 43.92 

Water  of  combination  and  association  by  difference 15.00 

100.  00 
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PROBABLP]   PERCENTAGE    COMBINATION. 

Sodium  bicarbonate,  NaHCOn 18.21 

( Residual  sodium  oxide,  NaiO) 1. 60 

Ammonia  alum,  anhydrous: 

A1,(S04)3 - 15.72 

(NH4)2S04 3.34 

19. 06 

Acid  pliosphate  of  lime,  anhydrous : 

CaO 2.66 

PiOs 1.78 

4.44 

Starch 43.92 

Water  of  association  (phosphate)  and  crystallization  (alum) 12. 77 

100.  00 

5519. — Silver  Spoon  Bahing-Powder. 

[Made  by  Smith,  Hanway  &  Co.,  Baltimore,  Md.] 

Available  carbonic  acid per  cent..  T.  33 

Cubic  inches  per  ounce  of  powder  at  212°  F 88. 0 

PERCENTAGE  COMPOSITION. 

Total  carbonic  acid,  CO.2 8.26 

Sodium  oxide,  NasO 7.26 

Potassium  oxide,  K2O .76 

Calcium  oxide,  CaO .' 2.29 

Aluminium  oxide,  AI2O3 3.  58 

Ammonia,  NH3 .91 

Phosphoric  acid,  P2O5 3.61 

Sulphuric  acid,  SO3 8.78 

Starch 41.26 

Water  of  combination  and  association  by  difference 23. 29 

100.  oo 


PROBABLE  PERCENTAGE  COMBINATION. 

Sodium  bicarbonate,  NallCOs 16. 13 

(Residual  sodium  oxide,  NajO) 1.44 

Ammonia  alum,  anhydrous: 

Al3(S04) 11.92 

(NH4).2S04 72 

NH3 78 

13. 42 

Acid  phosphate  of  lime,  anhydrous: 

Ca3(P04)2 4.22 

H3PO4 2.32 

6.54 

Starch 41.26 

Water  of  association  (phosphate)  and  crystallization  (alum) 21. 21 

100.00 
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5520. —  Windsor  Baking-Powder . 

[Made  by  Edwin  J.  Gillies  &  Co.,  245  and  247  Washington  street,  New  York.  J 

Available  carbonic  acid per  cent . .  9.  36 

Cubic  inclies  per  ounce  of  powder  at  212°  F 112,  4 

PERCENTAGE   COMPOSITION. 

Total  carbonic  acid,  CO2 9.86 

Sodium  oxide,  NaaO '. 11.92 

Calcium  oxide,  CaO 1.76 

Ammonia,  NH3 -  99 

Aluminium  oxide  AI2O3 3. 60 

Phosphoric  acid,  P2O5 5. 01 

Sulphuric  acid,  SO3 10. 51 

Starch 41.26 

Water  of  combination  and  association  by  difference 15.  09 

100.  00 


PROBABLE  PERCENTAGE  COMBINATION. 

Sodium  bicarbonate,  NaHCOs - 18.82 

(Residual  sodium  oxide,  NajO) 4.98 

Ammonia  alum,  anhydrous: 

Al2(S04)3 11.99 

(NH4)2S04) 3.50 

15.49 

Acid  phosphate  of  lime,  anhydrous : 

Ca3(P04)2 3.25 

H3PO4 4.86 

8. 11 

Starch 41.26 

Water  of  association  (phosphate)  and  crystallization  (alum) 11.  34 

100.00 
5521.— Davis'  0.  K.  Baking -Powder. 
[Made  by  R.  B.  Davis,  112  Murray  street,  New  York.] 

Available  carbonic  acid per  cent..     8.  lO 

Cubic  inches  per  ounce  of  powder  at  212°  F 97.  3 

PERCENTAGE   COMPOSITION. 

Total  carbonic  acid,  CO2 9,  02 

Sodium  oxide,  NaiO 11.20 

Calcium  oxide,  CaO 3. 47 

Ammonia,  NH3 1.  04 

Aluminium  oxide,  AI2O3 4.67 

Phosphoric  acid,  P2O5 8.  95 

Sulphuric  acid,  SO3 11.  54 

Starch 32.85 

Water  of  combination  and  association  by  difference 17.26 

100. 00 
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PROBABLE   PEliCEXFAGE   COMBINATION. 

Sodium  bicarbonate,  NaHCO:?  17. 22 

(Residual  sodium  oxide,  Na^O) 4.  85 

Ammonia  alum,  anhydrous: 

A1.2(S04)3 15.55 

(NH4)2S04 1.09 

NH3 76 

17. 40 

Acid  phosphate  of  lime,  anhydrous: 

Ca3(P04)2 6.40 

H3PO4 8.31 

14. 71 

Starch 32.85 

Water  of  association  (phosphate)  and  crystallization  (alum) 12. 97 

100. 00 

5524. — BrunswicTc  Yeast- P 010 der. 

[Manufactured  in  New  York  for  M.  &.  P.  Metzger,  417  Seventh  street,  Washington,  D.  C] 

Available  carbonic  acid per  cent..     9.  §1 

Cubic  inches  per  ounce  of  powder  at  212°  F 117.  8 

PERCENTAGE   COMPOSITION. 

Total  carbonic  acid,  CO2    11.49 

Sodium  oxide,  Na-jO 10.87 

Calcium  oxide,  CaO 2.22 

Aluminium  oxide,  AI2O3 3.  35 

Ammonia,  .NH3 1. 59 

Phosphoric  acidjPsOs 5. 11 

Sulphuric  acid,  SO:j 10.14 

Starch 34.97 

Water  of  combination  and  association  by  difference 20. 26 

100.  00 

PROBABLE    PERCENTAGE    COMBINATION. 

Sodium  bicarbonate,  NaHCO:, 21.93 

(Residual  sodium  oxide,  NajO) 2.  78 

Ammonia  alum,  anhydrous : 

Al2(S04):3 11.15 

(NH4).2S04 3.86 

NH3 60 

15. 61 

Acid  phosphate  of  lime,  anhydrous : 

Ca3(P04)2 3.56 

H3PO4 5.63 

9.19 

Starch : 34.97 

Water  of  association  (phosphate)  and  crystallization  (alum) 15. 52 

100. 00 
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5525. — The  Atlantic  and  Pacific  Baking-Poivder. 

[Made  by  The  Atlantic  &  Pacific  Tea  Company,  JSTew  York.] 

Available  carbonic  acid per  cent..     7.  91 

Cubic  inches  per  ounce  of  powder  at  212°  F 1)5.  0 

PERCENTAGE   COMPOSITION. 

Total  carbonic  acid,  CO2 9.  45 

Sodium  oxide,  NasO 12. 15 

Calcium  oxide,  CaO 1.  93 

Aluminium  oxide,  AI2O3   3.25 

Ammonia,  NH3 • .72 

Phosphoric  acid,  P2O5 5.  71 

Sulphuric  acid,  SO3 8.93 

Starch 37.66 

Water  of  combination  and  association  by  difference 20. 20 

100. 00 

PROBABLE  PERCENTAGE  COMBINATION. 

Sodium  bicarbonate,  NaHCO:j 18.04 

(Residual  sodium  oxide,  Na20) 5. 15 

Ammonia  alum,  anhydrous  : 

Al2(S04)3 10.82 

(NH4)2S04 2.41 

13.  23 

^cid  phosphate  of  lime,  anhydrous: 

Ca3(P04)2 3.56 

H3PO4 5:63 

9. 19 

Starch 37. 66 

Water  of  association  (phosphate)  and  crystallization  (alum) 16. 73 

100. 00 
5530. — Silver  King  Baking -Powder. 

[Made  by  Shaw  &  Thomas,  New  York.  J 

Available  carbonic  acid per  cent..     4.  99 

Cubic  inches  per  ounce  of  powder  at  212°  F 59.  9 


PERCENTAGE   COMPOSITION. 

Total  carbonic  acid,  CO3 6. 12 

Sodium  oxide,  NasO 10.32 

Calcium  oxide,  CaO 2,  79 

Ammonia,  NH3 1  04 

Aluminium  oxide,  AI2O3 3.  75 

Phosphoric  acid,  P2O5 ^ ^^ 

Sulphuric  acid,  SO3 10.57 

Starch : 42.66 

Water  of  combination  and  association  by  difference 16  86 

100. 00 
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PROBABLE  PERCENTAGE   COMBINATION. 

Sodium  bicarbonate,  NaHCO  3 11.  68 

(Residual  sodium  oxide,  Na-O) 6.01 

Ammonia  alum,  anhydrous: 

A1,(S04)3 12.49 

(NH4)2S04 - 3.02 

NH3 26 

15. 77 

Acid  phosphate  of  lime,  anhydrous : 

Ca3(P04)2 - 5.15 

H3PO4 4.87 

10. 02 

Starch 42.66 

Water  of  association  (phosphate)  and  crystallization  (alum) 13. 86 

100. 00 
5532. — Eureka  Baking-Powder. 

[Made  by  G.  S.  Feeny,  Wheeling,  "W.  Va.] 

Available  carbonic  acid per  cent..     7.63 

Cubic  inches  per  ounce  of  powder  at  212°  F 91.5 

PERCENTAGE    COMPOSITION. 

Total  carbonic  acid,  CO2 9. 57 

Sodium  oxide,  Na-iO 11.36 

Calcium  oxide,  CaO 1.93 

Aluminium  oxide,  AI2O3 3. 14 

Ammonia,  NH3 .85 

Phosphoric   acid,  P.O5 2.66 

Sulphuric  acid,  SO3 11.30 

Starch 44.32 

Water  of  combination  and  association  by  difference 14.  87 

100.  00 


PROBABLE  PERCENTAGE  COMBINATION. 

Sodium  bicarbonate,  NaHCOs 18.  27 

(Residual  sodium  oxide,  NaiO) 4.  62 

Ammonia  alum,  anhydrous : 

Al2(S04)3 10.45 

(NH4).2S04 3.31 

13. 76 

Calcium  sulphate,  CaS04 3.38 

Acid  phosphate  of  lime,  anhydrous  : 

Ca3(P04)o \ 99 

H3PO4 2.92 

3.91 

Starch  ..: 44.32 

Water  of  association  (phosphate)  and  crystallization  (alum) 11.74 

100. 00 
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5533. — Silver  Star  BaJcing-Powdcr, 

[Made  by  E.  Canby,  Daytou,  Ohio.] 

Available  carbonic  acid per  cent . .  'J'.Gf 

Cubic  inches  per  ounce  of  powder  at  212°  F 91.4 

PERCENTAGE   COMPOSITION. 

Total  carbonic  acid,  CO2 9.  89 

Sodium  oxide,  Na^O 12.69 

Potassium  oxide,  K2O .74 

Calcium  oxide,  CaO 2. 16 

Aluminum  oxide,  AI2O3 3.  38 

Ammonia,  NH3 -  = .77 

Phosphoric  acid,  P2O5 5.  30 

Sulphuric  acid,  SO3 10.66 

Starch 37.57 

Water  of  combination  and  association  by  difference 16.  .*-4 

100.  00 

PROBABLE  PERCENTAGE  COMBINATION. 

Sodium  bicarbonate,  NaHCOs 18.88 

(Residual  sodium  oxitle,  Na^O) 5.  73 

Ammonia  alum,  anhydrous  : 

Al2(S04)3 11.25 

(]S'H4)2S04. 2.98 

14. 23 

Calcium  sulphate,  CaS04 1.  66 

Acid  phosphate  of  lime,  anhydrous  : 

Ca3(P04)2 2.73 

H3PO4 5.59 

8. 32 

Starch 37.57 

Water  of  association  (phosphate)  and  crystallization  (alum) 13.  61 

100.  00 
5534. — Purity  Baking-Powder. 

IMade  by  Smith,  Hanway  <fe  Co.,  Baltimore,  Md.] 

Available  carbonic  acid per  cent..  7.13 

Cubic  inches  per  ounce  of  powder  a*  212°  F 85.  6 

PERCENTAGE   COMPOSITION. 

Total  carbonic  acid,  CO2 9.  32 

Sodium  oxide,  Na20 12.  29 

Calcium  oxide,  CaO  .  - 4.  55 

Aluminium  oxide,  AI2O3 3.  34 

Ammonia,  NH3 .93 

Phosphoric  acid,  P2O5 3.  53 

Sulphuric  acid,  SO3 13.  23 

Starch 40.19 

Water  of  combination  and  association  by  difference 12. 62 

100.  00 
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PROBABLE  PERCENTAGE  COMBINATION. 

Sodium  bicarbonate,  NaHCOs 18.75 

(Residual  sodium  oxide,  Na^jO) •.        5. 37 

Ammonia  alura,  anbjdrous : 

A1.:(S04)3 11.12 

(NH4),S04 :^.59 

14.71 

Calcium  sulphate,  CaS04  r>.58 

Acid  phosphate  of  lime,  aohydrous: 

Ca3(P04)2 4.19 

H3PO4 2.51 

6.70 

Starch 40.19 

Water  of  association  (phosphate)  and  crystallization  (alum) 8.  70 


100.  00 

These  analyses  agree  pretty  closely,  in  a  general  way,  with  those  made 
by  Professors  Weber  and  Cornwall,  so  far  as  their  determinations  go. 
Professor  Cornwall's  figures  for  carbonic  acid  are  uniformly  higher  than 
mine,  his  method  giving  rather  the  total  than  the  available  per  cent,  of 
gas.  It  is  evident  that  the  determination  of  available  carbonic  acid 
made  upon  samples  obtained  in  retail  stores  would  vary  more  or  less, 
according  to  the  time  that  had  elapsed  since  the  sample  was  first  put  np. 
This  is  well  shown  by  Professor  Cornwall's  determinations  (page  586), 
made  upon  samples  of  the  same  brand  of  powder  purchased  at  diilerent 
times.  It  would  manifestly  be  unjust,  therefore,  to  decida  arbitrarily 
that  the  relative  values  of  the  different  brands  were  in  the  exact  rank 
indicated  by  the  results  given  in  this  determination.  The  best  results 
in  all  the  different  investigations,  however,  are  given  by  the  tartrate 
and  phosphate  powders,  the  alum,  and  the  alum  and  phosphate  pow- 
ders giving  almost  uniformly  low  percentages  of  carbonic  acid.  (There 
are  several  exceptions,  however,  notably  Professor  Cornwall's  !N"o.  36^ 
"One  Spoon"  giving  16.77  per  cent.^  This  shows  the  possibilities  of 
an  alum  powder  as  regards  its  carbonic-acid  strength.) 

Professor  Cornwall's  average  for  twenty  samples  of  alum  and  phos- 
phate powders  (no  straight  alum  powders  included)  is  8.97  per  cent. ;  for 
eight  samples  of  tartrate  powders,  11.60.  Professor  Weber's  average 
for  nineteen  samples  of  alum  iDowders  is  7.58  per  cent. :  for  eight  samples 
of  tartrate  powders,  11 .20  i^er  cent.  My  average  for  twenty  samples  of 
both  alum,  and  alum  and  phosphate  powders  is  8  percent.  5  for  eight 
samples  of  tartrate  powders,  10.10  per  cent.  The  only  straight  phos- 
phate powders  sold  seem  to  be  the  various  preparations  made  by  the 
Eumford  Chemical  Works,  and  the  "Wheat"  powder;  at  least  these 
are  all  obtained  by  any  of  the  investigators.  The  carbonic  acid  strength 
of  the  former  is  uniformly  good,  slightly  higher  than  the  tartrate  pow- 

1  W^ber  obtained  only  5,75  per  cent,  from  a  powder  with  this  brand  in  his  investi- 
gation.    Page — . 

5.360— pt.  5 5 
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ders  ;  the  latter  is  a  peculiar  preparation,  made  up  without  auy  filling 
•whatever,  and  gives  a  very  low  percentage  of  carbonic  acid,  except  in 
one  of  Professor  Cornwall's  samples,  which  seems  to  have  been  obtained 
quite  fresh. 

FILLING. 

It  is  evident  that  of  several  powders  made  up  of  the  same  materials, 
the  one  which  contains  the  smallest  proportion  of  inert  matter  or  filling, 
other  things  being  equal,  will  have  the  best  carbonic-acid  efficiency  or 
*^  strength."  On  the  other  hand,  if  the  amount  used  is  too  small  for  the 
proper  preservation  of  the  sample,  it  will  deteriorate  rapidly,  and  per- 
haps will  show  less  strength  after  keeping  a  short  time  than  other 
powders  with  a  somewhat  larger  amount  of  filling.  It  becomes  a  ques- 
tion, therefore,  as  to  the  minirpum  limit  of  the  amount  of  filling  that  is 
consistent  with  good  keeping  qualities.  Professor  Prescott^  says  on 
this  point : 

From  13  to  18  per  cent,  of  starch  is  not  too  much  for  the  permanence  of  a  cream  of 
tartar  baking-powder,  but  filling  beyond  20  per  cent,  must  be  held  an  unquestionable 
dilution. 

In  my  samples,  the  average  per  cent,  of  starch  in  the  bitartrate  pow- 
ders was  14.04  J  the  highest  was  24.57  per  cent.,  and  the  lowest  5.32 
per  cent.  The  latter  sample  evidently  did  not  contain  enough,  fcr  it 
had  a  much  lower  carbonic-acid  strength  than  most  of  those  thatliad 
more  filling.  The  bitartrate  powder  containing  the  maximu'm  of  fill- 
ing, No.  5527,  contained  also  the  lowest  per  cent,  of  available  car- 
bonic acid.  The  powders  made  up  with  free  tartaric  acid  contained 
much  more  filling,  this  being  doubtless  necessitated  by  the  more  hy- 
groscopic character  of  the  free  acid.  They  contain,  respectively,  40.05 
and  45.63  per  cent,  of  starch,  and  9.53  and  4.98  per  cent,  of  available 
carbonic-acid.  Of  the  phosphate  powders  No.  5508  contains  rather  a 
large  amount  of  filling,  26.41  per  cent.,  while  No.  5506  contains  none 
at  all,  evidently  to  its  detriment,  as  previously  noted.  Even  the  acid 
part  of  No.  5509  contains  20.81  per  cent,  of  starch,  although  it  is  kept 
separate  from  the  alkali.  It  is  in  the  alum,  and  the  alum  and  phosphate 
powders,  however,  that  the  highest  percentages  of  filling  are  found. 
The  average  of  all  is  40.76  per  cent,  of  starch,  the  maximum  52.29  per 
cent.,  the  minimum,  3J.54  per  cent.  Here  we  find  the  cause  for  the  low 
per  cents,  of  available  carbonic  acid  in  these  powders,  which  should, 
theoretically,  afford  a  higher  carbonic-acid  strength  than  any  of  the 
other  classes.  TVhether  a  large  amount  of  filling  is  more  necessary 
where  alum  is  used  to  prevent  deterioration,  whether  it  is  added  simply 
as  a  diluent,  so  that  the  amount  of  alum  taken  into  the  starch  will  be  less 
apt  to  produce  an  injurious  effect,  or  whether  it  is  added  to  cheapen  the 
powder,  I  can  not  say.    The  first  hypothesis  seems  the  most  probable, 

'  Organic  Analyses,  iiOO. 
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especially  if  the  alum  is  used  with  but  a  small  i^roportion  of  its  water  of 
crystallization  driven  off.  If  the  second  is  true,  the  object  is  not  ob- 
tained, of  course,  for  the  more  filling  used  the  greater  the  quantity  of 
powder  required  to  produce  the  same  aerating  effect,  and  as  for  the 
third,  alum  and  soda  are  about  as  cheap  as  starch. 

It  must  be  remembered  that  the  percentages  of  starch  given  in  the 
tables  represent  anhydrous  starch. 

"DOMESTIC  BAKING-POWDERS." 

It  may  be  asked,  can  not  the  consumer  make  up  his  own  baking-pow- 
ders? The  diliiculties  in  the  way  of  doing  this  may  be  enumerated  as 
follows : 

(1)  The  chemicals  in  the  market,  as  purchased  by  the  consumer,  may 
not  be  pure,  or  of  full  strength,  so  that  when  combined  in  proper  pro- 
portions they  do  not  give  good  results. 

(2)  The  proper  proportions  to  use,  and  the  necessity  of  thorough  mix- 
ing to  secure  good  results,  would  not  be  well  understood  by  anyone 
who  was  not  a  chemist. 

(3)  In  order  to  prevent  the  action  of  the  ingredients  upon  one  another, 
and  to  preserve  the  strength  of  the  powder  unimpaired  as  long  as  pos- 
sible, the  manufacturer  dries  all  his  chemicals  before  mixing  them,  so  as 
to  drive  off  most  of  the  adhering  moisture.  Baking- soda  can  not  be  dried 
much,  as- it  loses  its  carbonic  acid,  and  consequently  its  efficiency,  at 
very  low  temperatures.  The  starch,  however,  containing  as  it  does 
from  10  to  18  per  cent,  of  moisture,  can  be  thoroughly  dried  at  100^  to 
1050  0.,  and  its  efficiency  as  a  filling  material  greatly  increased.  The 
cream  of  tartar  can  also  be  thoroughly  dried.  This  operation  of  drying- 
chemicals  at  a  temperature  below  that  at  which  decomposition  would 
occur  seems  rather  too  elaborate  an  operation  for  the  kitchen. 

These  difficulties  are  more  apparent  than  real,  however.  In  answer 
to  the  first,  it  may  be  said  that  the  bitartrate  is  the  only  chemical  which 
is  likely  to  be  adulterated,  and  as  there  is  no  difficulty  nowadays  in  ob- 
taining a  pure  article  in  the  wholesale  market,  it  only  requires  the  proper 
enforcement  of  adulteration  laws  to  oblige  the  retailer  to  furnish  a  good 
article.  The  second  objection  may  be  met  by  furnishing  the  public 
simple  formulre  for  compounding  such  powders,  and  the  third,  which  is 
doubtless  the  most  serious,  I  believe  can  be  overcome  by  using  a  larger 
proportion  of  filling,  without  drying  the  chemicals. 

In  the  present  days  of  cooking-schools,  when  so  much  interest  is  taken 
in  the  preparation  of  food,  and  in  all  branches  of  the  culinary  art,  it  may 
not  be  amiss  to  devote  a  little  si)ace  to  the  discussion  of  this  subject, 
although  it  is  not,  perhaps,  strictly  within  the  scope  of  the  present  in- 
vestigation. 

With  a  view  of  determining  the  possibility  of  making  up  baking- pow- 
ilers  from  a  simple  formula  that  could  be  used  in  the  household,  and 
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also  to  see  what  strength  of  powder  could  be  obtained  by  lessening  the 
quantity  of  filling  used,  I  compounded  a  number  of  powders  from  com- 
mercial cream  of  tartar  and  soda,  using  different  proportions  of  starch, 
and  determined  the  per  cent,  of  carbonic  acid,  both  total  and  available, 
in  each.  The  chemicals  used  were  dried  before  mixing,  and  the  latter 
operation  very  thoroughly  performed. 

Formula  Xo.  1,  containing  20 per  cent.  starcJi  filling. 

Cream  of  tartar ..onDces..  8 

Baking-soda do....  4 

Corn  starch do 3 

Total  carbonic  acid per  cent..   13.39 

Available  carbonic  acid do 11.96 

Formula  Xo.  2,  containing  ahout  15  2xr  cent,  starch  fiUing. 

Cream  of  tartar ounces . .  8 

Baking-soda do  ... .  4 

Corn  starch do ... .  2 

Total  carbonic  acid per  cent..   14.60 

Ayailable  carbonic  acid do 12.  89 

Formula  Xo.  3,  containing  10  jyer  cent,  starch  filling. 

Cream  of  tartar ounces..  6 

Baking-soda ,- do 3 

Corn  starch do 1 

Total  carbonic  acid per  cent..   15. 10 

Available  carbonic  acid do 13. 70 

From  the  above  it  will  be  seen  that  most  excellent  results  were  ob- 
tained with  these  powders,  made  up  by  simple  formuhne.  The  powder 
containing  the  least  percentage  of  starch.  Formula  Xo.  3,  gave  13.70  per 
cent,  of  available  carbonic  acid,  nearly  1  per  cent,  more  than  the  highest 
result  obtained  in  any  of  the  commercial  samples.  To  be  sure  these 
powders  were  freshly  made,  and  would  doubtless  deteriorate  on  keep- 
ing, those  with  the  lowest  amount  of  starch  perhaps  more  rapidly  than 
the  others,  as  most  of  the  commercial  samples  containing  less  than  10 
per  cent,  of  starch  show  low  percentages  of  available  carbonic  acid,  Xo. 
5505  being  an  exception.  But  these  prepared  samples  establish  very 
completely  the  point  I  desired  to  make,  that  baking-powders  can  be 
readily  made  up  by  simple  formulae  that  will  compare  favorably  with 
the  best  samples  obtainable  in  the  market. 

These  samples,  however,  were  all  made  with  icell-dried  ingredients, 
as  they  would  be  by  a  manufacturer.  The  next  question  is,  whether  a 
powder  could  be  made  which  would  keep  without  serious  deterioration, 
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without  drying  the  chemicals.    To  this  end  I  used  sl  larger  proportion 
of  starch  according  to  the  following  formula : 

Formula  ISo.  4,  made  without  ch-ying  the  ingredients,  containing  2o  per  cent,  starch  filling. 

Cream  of  tartar ounces..  8 

Baking-soda do 4 

Corn  starch do 4 

Total  carbonic  acid « per  cent . .  12.  63 

Available  carbonic  acid do 10.  91 

This  gives  a  fairly  good  amount  of  available  gas,  considerably  higher 
than  the  average  of  the  commercial  samples.  Estimations  of  the  avail- 
able carbonic  acid  in  the  same  sample  after  it  had  stood  over  two 
months  in  the  laboratory  showed  absolutely  no  loss  in  strength.  I 
had  it  tried  in  a  practical  way  by  several  persons  in  the  Department 
who  used  it  in  their  kitchens,  and  reported  excellent  results,  finding 
it  fully  as  efficient  in  all  respects  as  the  powder  they  were  accustomed  to 
buy.  The  consumer  can  pay  full  retail  price  for  the  ingredients  and  still 
make  it  up  for  about  half  the  price  at  which  a  good  powder  is  sold,  and 
if  he  makes  sure  of  the  quality  of  his  cream  of  tartar  he  will  have  an 
article  of  which  the  purity  is  assured,  and  which  has  not  lost  in  strength 
by  being  kept  in  stock  an  indefinite  length  of  time  by  the  retailer.  I 
can  see  no  reason  why  all  housekeepers  should  not  make  their  own  bak- 
ing-powder. 

REGULATION  OF  THE  SALE  OF  BAKING-POWDERS. 

The  best  plan  for  the  regulation  by  law  of  the  sale  of  baking-powders 
in  the  present  condition  of  our  knowledge  of  their  effect  upon  the  sys- 
tem would  seem  to  be  to  require  the  manufacturer  to  use  a  label  giving 
approximately  the  composition,  or  analysis,  of  the  powder  sold.  This 
is  recommended  by  Professor  Cornwall,  and  it  appears  to  offer  the  best 
solution  of  the  whole  problem.  The  testimony  that  has  been  adduced  is 
hardly  sufficient  to  justify  the  prohibition  of  the  sale  of  the  cheaper 
kinds  of  powders  as  being  injurious  to  health,  but  if  they  were  required 
to  be  sold  with  a  label  giving  their  true  composition  it  would  soon  lead 
to  investigations  upon  this  point.  This  is  in  harmony,  also,  with  mod- 
ern ideas  in  regard  to  legal  regulation  of  the  sale  of  food-stufl's,  the 
tendency  nowadays  being  to  allow  the  sale  of  cheap  substitutes  for  any 
article  of  food  so  long  as  they  are  not  actually  injurious  to  health,  but 
to  make  all  possible  provision  to  insure  that  the  purchaser  should  know 
exactly  what  he  is  getting,  and  that  the  substitute  shall  not  be  palmed 
off  on  him  as  the  genuine  article.  In  the  case  of  baking-powders  it  is 
manifestly  unjust  to  the  public  to  allow  the  sale  of  a  first-class  tartrate 
powder  and  an  alum  powder  as  the  same  article,  and  it  is  equally  unjust 
to  the  manufacturer  of  the  higher-priced  article.    The  nature  of  the  sub- 
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stance  is  such  that  the  purchaser  has  no  means  of  ascertaining  by  any 
simple  or  easy  means  the  character  of  the  article  he  buys,  to  say  noth- 
ing of  its  relative  quality.  Such  a  regulation  should  meet  with  the  ap- 
probation of  all  concerned  in  the  manufacture  of  baking-powders.  The 
manufacturers  of  bigh-grade  powders,  such  as  tartrate  or  phosphate 
powders,  would  certainly  not  object  to  it,  and  it  would  ultimately  be  to 
the  advantage  also  of  the  cheaper  sorts,  such  as  alum  powders,  pro- 
vided they  could  succeed  in  proving  that  such  powders  produced  little 
or  no  injury  to  the  health  of  the  consumer. 

Ample  analogy  and  precedent  for  such  regulation  are  furnished  by 
the  laws  for  the  sale  of  fertilizers  which  are  in  operation  in  most  of  the 
States.  Although  these  substances  are  used  for  widely  different  pur- 
poses, the  conditions  that  require  the  legal  supervision  of  their  sale  are 
quite  similar  in  many  respects.  A  substance  sold  as  a  fertilizer  must 
have  its  composition,  in  so  far  as  is  necessary  for  its  valuation  for  such 
a  purpose,  plainly  stated  on  the  bag  in  which  it  is  sold,  because  the  pur- 
chaser has  no  means  of  ascertaining  this  value  by  any  ordinary  or  sim- 
pie  test.  Otherwise  the  manufacturer  could  easily  impose  upon  him  by 
selling  him  a  powdered  substance  which  resembled  a  fertilizer  in  gen- 
eral appearance,  but  contained  no  constituent  of  any  value  whatever 
for  fertilizing  purposes.  The  purchaser  of  a  baking-powder  receives  a 
white  powder  which  may  contain  various  substances  more  or  less  valua- 
ble for  the  desired  purpose,  or  of  no  value  whatever,  or  perhaps  even 
injurious  to  the  health. 

The  housewife  surely  deserves  protection  against  swindling  as  much 
as  the  farmer,  and  she  has  no  better  means  for  ascertaining  the  strength 
and  quality  of  the  baking-powder  she  buys  than  the  latter  has  for  learn- 
ing the  strength  of  his  fertilizer.  The  verity  and  accuracy  of  the  analy- 
sis stated  on  the  label  should  be  insured,  as  in  the  case  of  the  fertilizer, 
by  its  being  performed  b}^  sworn  analysts.  If  such  a  regulation  were 
enforced,  people  would  soon  inform  themselves  of  the  respective  merits 
of  different  varieties,  and  the  further  re(iuirement  of  a  certain  standard 
of  strength,  as  suggestedby  Professor  Cornwall,  would  probably  be  un- 
necessary, as  they  would  learn  to  interpret  the  analysis,  and  a  powder 
made  up  with  50  per  cent,  of  starch,  for  instance,  would  have  to  be  sold 
cheaper  than  one  made  with  10  per  cent.,  or  not  sold  at  all. 
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